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ABSTRACT

Improvement of EGAT Building Office Ubon Ratchathani High Voltage Station to be
Net Zero Energy Building. The new 4-storey office building. The building includes office,
meeting room, corridor and restroom. Utility Space is 2,273.81 m’ and Air-conditioned area is
1,027.17 m’. The results of the simulation of energy values for the original buildings through the
Building Energy Code (BEC) program are Overall Thermal Transfer Value (OTTV) = 49.663
W/m’, Roof Thermal Transfer Value (RTTV) = 6.018 W/m’, Lighting Power Density = 6.697
W/m’ and whole building energy = 93,709.72 kWh/Year. It will set guidelines for building
improvements to reduce energy consumption. Combined with the energy produced by solar cells.
Must be greater than the total annual energy consumption of the original building at 93,709.72
kWh/Year. There are six ways to improve the building: 1. Improve the wall 2. Change the
windows material 3. Reduce the size of windows 4. Add shading 5. Use day lighting 6. Solar
Power Generation.

The results show that the option 4 is: 2. Change the windows material to clear color
single silver low-e coat on ocean green 6 mm (6-6-6) 3. Reduce the size of windows type nl 25%
5. Use day lighting 6. Solar Power Generation. The results of the simulation of energy values
OTTV = 30.168 W/m’, RTTV = 6.018 W/m’, Lighting power Density = 6.697 W/m’, whole
building energy 82,195.43 kWh/Year, Solar Power Generation 82,555.55 kWh/Year Investment

budget 7,701,066.15 baht And it has a discounted payback period of 28 years.
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33U 157.53 338,683.05 7,282.53 35,621.71 9.51
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M99 4.6 WIATNTN 3 AAVUIAKINA TR U1
3 4 . 3 ) alalihn .
) WUNNTZINT wamu | aandsnula L, | szeEnmiu
M an'ld
Anaa (A3.4.) (1) (kWh/year) . nu @)
(/)
Nenviie 6.82 11,634.91 668.36 3,269.21 3.56
NAAZIUAN 0 0 0 0 0
nald 18.74 31,996.01 2.361.92 11,553.08 2.77
Nel
3 8.57 14,625.58 897.39 4,389.49 333
ATIUDON
591 34.13 58,256.50 3,927.67 19.211.77 3.03

WATMIN 4 INULHITILAR
4 A v = A Yoo Ay
WIATNTN 4 NNLERTULAALUIUOU ANAN 1.2 IWAT IMHoWINANa NSy

o1manelueins mamuﬂizmm 1,500 VINADLUAT
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ANVEILHS :
[ U 1 Y A A
) ) wamu | aswasnuld | arldihnas | szeznanu
A1 Jauan ) .
(1) (kWhiyear) | 1& (uA) nu @)
(1uay)
NAvile 14.20 21,300.00 156.86 767.26 27.76
NANZIUAN 0 0 0 0 0
nald 39.05 58,575.00 582.69 2,850.17 20.55
NANZIUDDN 0 0 0 0 0
593 53.25 79,875.00 739.55 3,617.43 22.08
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o ¥ ' YA P A
) aanasnuld | arlvihiaala | szeznaniunu
YU JUAINU (UN) .
(kWh/year) WAl @)
3 6,620.20 841.42 4,115.72 1.61
4 8,666.40 1,495.85 7,316.79 1.18
59 15,286.60 2,337.27 11,432.50 1.34
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M990 4.9 W1ATNTN 6 NMITAHINAINUMGFAAUTIDNNAY

9 [ 9
nuhdeas | 3 e
_ | Mdwda AN Al
URAEaR L WU 3 ) , | Fzeznm
_ | dang waasold | aald |
HA9DINAY (1N) L Aumu @
(kWp) (kWhiyear) | (/)
(3.1,
HAIA
187.2 38.61 | 3,966,485.02 | 45,175.62 | 220,971.67 | 17.95
91013
GEGRLL
156.8 32.35 | 3,322,354.98 | 37,379.93 | 182,839.90 | 18.17
99950
593 344 70.95 7,288,840 | 82,555.55 | 403,811.57 | 18.05

4.4 MIDDNMINARIDIAT
a o dy A [ 4 @ 1 ~
Taen13290 1A UDNINABNNITOYTNHNAINIUAINLIATNITAN)ANNAUD
Yy 9 A ~ P 1 v A v ¢ o
P9au nefTaumeums 1suasnsn1eg MIanuauNUL IuNTanUNENITOYS NENAIIY
a J a J 1
Tasfinszez11a1v991A59013A0 30 1 MU0 IgVOINUFAALAI0INAES Taslin
. ~ 9 ] ' gy A 2 4
Discount Rate #1 6.25% 910 MRL @oyannsuimsuvszime Ine, a1 lwilunuauilaz 3.5%

% J o a a 1 o @ s a o
(miWQﬁ FITIUNIV UAL Iﬁﬂ@]qﬂ? ‘ﬂﬂﬁiﬁﬂﬁ, 2558) ﬂ1ﬂ'li°U'l§Q‘iﬂ‘H'IL!N\‘]LG]fﬁﬁL!ﬁ\?ﬂ'IWG]EﬁJ

v
a =

1 4 a Jd o 1 =y v
a 30,000 UIN IﬂﬂﬂTGﬁWﬂﬂJ@QLlWQLGﬁaﬂLLﬁQfJTﬂ@ﬂﬂaﬂﬂ’lﬂw']uvlﬂ 30 ‘]Jﬂﬂ‘ﬂ 20% GU'E]\HJ“aﬂ'I!,LW\T
ﬁamu (Tom Hootman, 2012)
A ~ ? ) A o o Y} s
NNLADNN 1 'i?mmmmimwuﬂiﬂﬂﬂﬂnummmﬂl 6 N1IVANTINAINTURAYLEB AR
a L4 = [ dy
LD 1NNY Tﬂﬂﬁ]wmmmi JU
A A v XK g}./ I o =) k) 1
HININIIN 1 L‘]Jaﬂuwm‘wum‘wumﬂu NHIADUNITANIDLUT LIUTBDIDINA uﬂu’m
Toufa 2 uazuruday

A { [ < a
WnsmMsh 2 lasuiaanszaniiluriia Clear Color Single Silver Low-E coat on

Ocean Green 6 mm (6-6-6)
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OTTV : 19.797 W/m’

RTTV : 6.018 W/m’
Lighting power Density : 6.697 W/m’
U5z : 1,390,682.68 U1
amasnuswildnaeeil 76,617.72 kWh/Year

Amdsnunaa ldilemeusuoimsduiuy  17,092.00 kWh/Year
Uszndan T 1d1)as : 83,603.68 VN

UM NPV, IRR, Discounted Payback Period 18aan13197 4.10

M9199 4.10 NM3AUIUAT NPV, IRR, DPB d115UN19@001 1

alndhn
Present Cw i A Cumulative
o A lulihn VAN anas (VM)
il Value , Free Cash
afnad (U1n) () (yam
Factor Flow
J9911)
1.00 0 -1,390,682.68 0 0
0.94 83,603.68 0 78,685.82 -1,311,996.86
0.89 86,529.81 0 76,649.24 -1,235,347.62
0.83 89,558.35 0 74,665.38 -1,160,682.24
0.78 92,692.89 0 72,732.86 -1,087,949.38
0.74 95,937.15 0 70,850.37 -1,017,099.01
0.70 99,294.95 0 69,016.59 -948,082.42
0.65 102,770.27 0 67,230.28 -880,852.14
0.62 106,367.23 0 65,490.20 -815,361.94
0.58 110,090.08 0 63,795.16 -751,566.77




M13199 4.10 (99)

a lul¥hi
Present : Cumulative
. a1 lvlihn Wanu anad (Un)
Un Value ) . Free Cash
afad (Un) un) (yjﬁﬂ"l
Factor Flow
Jag1u)
10 0.55 113,943.23 0 62,143.99 -689,422.78
11 0.51 117,931.25 0 60,535.56 -628,887.22
12 0.48 122,058.84 0 58,968.76 -569,918.46
13 0.45 126,330.90 0 57,442.51 -512,475.96
14 0.43 130,752.48 0 55,955.76 -456,520.20
15 0.40 135,328.82 0 54,507.49 -402,012.70
16 0.38 140,065.33 0 53,096.71 -348,915.99
17 0.36 144,967.61 0 51,722.44 -297,193.55
18 0.34 150,041.48 0 50,383.74 -246,809.80
19 0.32 155,292.93 0 49,079.69 -197,730.11
20 0.30 160,728.18 0 47,809.40 -149,920.71
21 0.28 166,353.67 0 46,571.98 -103,348.73
22 0.26 172,176.05 0 45,366.58 -57,982.15
23 0.25 178,202.21 0 44,192.39 -13,789.76
24 0.23 184,439.29 0 43,048.59 29,258.83
25 0.22 190,894.66 0 41,934.39 71,193.22
26 0.21 197,575.98 0 40,849.03 112,042.25
27 0.19 204,491.14 0 39,791.76 151,834.01
28 0.18 211,648.33 0 38,761.86 190,595.86
29 0.17 219,056.02 0 37,758.61 228,354.47
30 0.16 226,722.98 0 36,781.33 265,135.79
NPV : 265,135.79 U N
IRR : 7.677 %

Discounted Payback Period 249
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OTTV : 19.797 W/m’

RTTV : 6.018 W/m’
Lighting power Density : 6.697 W/m’
amanusmildnaeail 76,617.72 kWh/Year
amganuuisamls 82,555.55 kWh/Year
sz : 8,679,522.68 1N

AMnaanumasnasanill aunsasarindsanu 1w 1d 5,937.83 kWh/Year

] [}
=1

Tagaanasau lihnlsdomeudueimsdunuuasld 93,709.72 kWh/Year A
Fua Wi 14 458,371.00 VAl

nsdivieldihdauRuaasasimave i ldsuns llfhginiai 6.ss vns
wie 22 14 haunsnne Wi 1450ay 5.937.83 x6.55 = 38.892.79 11 ldmadendi 2
asotlszrdaaindaanu il 1 318 497,263.77 11 Tasduiaa1 NPV, IRR, DPP 18

A9915199 4.11



3199 4.11 MIMUIUAT NPV, IRR, DPB d115UN191@001 2

AN 3 WA PV w2

de uy | mEWW o , Al
Present | 7 ﬂ‘]/ﬂvlﬂ o A Il‘V\I‘V\hWIﬂEJ PV Maintenance , AN , o A Cumulative

o Tihian Ve WA AN | aliha | aees@m)
9 Value VDLW v %0 Maintenance cost (U1N) (”UWI)(J;I]ﬁﬂW , Free Cash

8 () , () . afas (Umn) (yam

Factor PV s cost (U1M) (yam Jagiin) Flow (11%)

(kWh/Year) . 1991iu)

(kWh/Year) (kWh/Year) ﬁfofguu)

0 1.00 0 0 0| 8,679,522.68 0.00 0 0 0 0| -8,679,522.68
1 0.94 82,555.55 93,709.72 5,937.83 0 -30,000.00 -28,235.29 0 497,263.79 468,012.98 | -8,239,745.00
2 0.89 81,729.99 93,709.72 5,112.27 0 -30,000.00 -26,574.39 0 507,899.38 449,903.95 | -7,816,415.44
3 0.83 80,912.69 93,709.72 4,294.97 0 -30,000.00 -25,011.19 0 519,150.56 432,819.19 | -7,408,607.45
4 0.78 80,103.57 93,709.72 3,485.85 0 -30,000.00 -23,539.95 0 531,036.42 416,685.66 | -7,015,461.73
5 0.74 | 79,302.53 93,709.72 2,684.81 0| -30,000.00 | -22,155.25 0| 543,576.78 | 401,435.90 | -6,636,181.08
6 0.70 | 78,509.51 93,709.72 1,891.79 0| -30,000.00 | -20,852.00 0| 556,792.16 | 387,007.59 | -6,270,025.49
7 0.65 | 77,724.41 93,709.72 1,106.69 0| -30,000.00 | -19,625.41 0| 570,703.82 | 373,343.17 | -5,916,307.73
8 0.62 | 76947.17 94,039.17 0 0| -30,000.00 | -18,470.97 0| 605709.06 | 372,934.50 | -5,561,844.20
9 058 | 76,177.70 93,269.70 0 0| -30,000.00 | -17,384.44 0| 621,779.22 360,309.54 | -5,218,919.11
10 0.55 | 7541592 92,507.92 0 0| -30,000.00 | -16,361.83 0| 63828539 | 348,117.23 | -4,887,163.71
11 0.51 74,661.76 91,753.76 0 0 -30,000.00 -15,399.37 0 655,239.71 336,342.61 | -4,566,220.47
12 0.48 73,915.14 91,007.14 0 0 -30,000.00 -14,493.52 0 672,654.68 324,971.22 -4,255,742.77

N
(o)



M135190 4.11 (719)

AN 3 UGERRYY PV w2

de uy | mEWW o , Al
Present | N9A¥1 1A o A Tfhinane PV Maintenance , A1YN , o A Cumulative

o Tihiaa e WA AN | aliha | aees@m)
% Value YDA v ¥y Maintenance | cost (U1N) Wm)yam , Free Cash

& 6TRE)) , 6TRE)) . anad (V) (yam

Factor PV . cost (U1M) (yam Jagiin) Flow (U1%)

(kWh/Year) . Japin)

(kWh/Year) (kWh/Year) ﬁfofguu)

13 045 | 73,175.99 90,267.99 0 -30,000.00 | -13,640.96 0| 690,543.15 313,989.13 | -3,955,394.60
14 043 | 7244423 89,536.23 0 -30,000.00 | -12,838.55 0| 708918.32 303,382.87 | -3,664,850.28
15 0.40 | 71,719.79 88,811.79 0 -30,000.00 | -12,083.34 0| 727,793.81 293,139.46 | -3,383,794.17
16 038 | 71,002.59 88,094.59 0 -30,000.00 | -11,372.56 0| 747,183.61 283,246.35 | -3,111,920.39
17 0.36 70,292.56 87,384.56 0 -30,000.00 -10,703.59 0 767,102.10 273,691.44 | -2,848,932.54
18 0.34 69,589.64 86,681.64 0 -30,000.00 -10,073.96 0 787,564.09 264,463.05 | -2,594,543.44
19 0.32 68,893.74 85,985.74 0 -30,000.00 -9,481.38 0 808,584.83 255,549.92 | -2,348,474.90
20 0.30 68,204.81 85,296.81 0 -30,000.00 -8,923.65 0 830,179.98 246,941.16 | -2,110,457.39
21 0.28 67,522.76 84,614.76 0 -30,000.00 -8,398.73 0 852,365.68 238,626.26 | -1,880,229.86
22 0.26 66,847.53 83,939.53 0 -30,000.00 -7,904.69 0 875,158.51 230,595.10 | -1,657,539.44
23 025 | 66,179.05 83,271.05 0 -30,000.00 -7,439.70 0| 898,575.56 | 222,837.88 | -1,442,141.27
24 023 | 65517.26 82,609.26 0 -30,000.00 -7,002.07 0| 922,634.40 | 215,345.16 | -1,233,798.18
25 022 | 64,862.09 81,954.09 0 -30,000.00 -6,590.19 0| 947,353.10 | 208,107.83 | -1,032,280.55
26 021 | 6421347 81,305.47 0 -30,000.00 -6,202.53 0| 972,750.26 | 201,117.08 | -837,366.00
27 0.19 63,571.34 80,663.34 0 -30,000.00 -5,837.67 0 998,845.04 194,364.42 -6438,839.25

L9



M5197 4.11 (90)

AN 3 UGERRYY PV w2
de uy | mEWW o , Al
Present | N9A¥1 1A o A Tfhinane PV Maintenance , A1YN , o A Cumulative
o Tihiaa e WA AN | aliha | aees@m)
% Value YDA v ¥y Maintenance | cost (U1N) Wm)yam , Free Cash
& 6TRE)) , 6TRE)) . anad (V) (yam
Factor PV . cost (U1M) (yam Jagiin) Flow (U1%)
(kWh/Year) . Japin)
(kWh/Year) (kWh/Year) ﬁfofguu)
28 0.18 62,935.62 80,027.62 0 -30,000.00 -5,494.28 0 0 | 1,025,657.13 187,841.66 -466,491.87
29 0.17 | 62,306.27 79,398.27 0 -30,000.00 -5,171.09 0 0 | 1,053,206.81 181,540.88 |  -290,122.08
30 0.16 | 61,683.20 78,775.20 0 -30,000.00 -4,866.91 | 1,457,768.00 | 236,494.07 | 1,081,514.94 175,454.44 116,959.51

89
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NPV : 116,959.51 U0
IRR : 6.355 %
Discounted Payback Period 30
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OTTV : 19.797 W/m’

RTTV : 6.018 W/m’
Lighting power Density : 6.697 W/m’
amanuNil¥aaeall 76,617.72 kWh/Year
amdsnuswisanld 82,555.55 kWh/Year
Wlszanm : 8,679,522.68 UM

1] 9 1]
AMNBINURATNA0ANY asasarmmaany Twih 1dunnanls 5,937.83

kWh/Year n3ai lifimsie Trlihaunundam Idldnums Ilihaugiinig Tagazaeliih

] ]
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Tnuoimsinafsslumwaanitl Wi Tasaanaanu I nlddomeuiueimsdunuuasld

93,709.72 kWh/Year aadlua 1W#in'18 458,371.00 1Al



3199 4.12 MIAUIUAT NPV, IRR, DPB d115UN191@901 3

' ) A PV ' ' 9

ANAIUN . GREA a Wi
. | Present | v WAU PV Maintenance RN Cumulative
1l san ldveq o A v WA Y . (un) A laliihn afas (Un)
4 | Value Twl#hnan'ld Maintenance | cost (U1N) MEIN(UVIN) , , Free Cash
N W PV (V) . (yamn aaad (Un) yam

Factor (kWh/Y ear) cost (UN) (yam . Flow (UN)
(KWh/Year) Jag1iu) Jag1iu)
og1iu)

0 1.00 0 0| -8,679,522.68 0 0 0 0 0 0| -8,679,522.68
1 0.94 82,555.55 93,709.72 0 | - 30,000.00 -28,235.29 0 0 458,371.00 431,408.00 | -8,276,349.97
2 0.89 81,729.99 93,709.72 0 | - 30,000.00 -26,574.39 0 0 474,413.99 420,242.15 | -7,882,682.22
3 0.83 80,912.69 93,709.72 0 | - 30,000.00 -25,011.19 0 0 491,018.47 409,365.29 | -7,498,328.13
4 0.78 80,103.57 93,709.72 0 | - 30,000.00 -23,539.95 0 0 508,204.12 398,769.95 | -7,123,098.12
5 0.74 79,302.53 93,709.72 0 | - 30,000.00 -22,155.25 0 0 525,991.27 388,448.85 | -6,756,804.52
6 0.70 78,509.51 93,709.72 0 | - 30,000.00 -20,852.00 0 0 544.,400.96 378,394.88 | -6,399,261.64
7 0.65 77,724.41 93,709.72 0 | - 30,000.00 -19,625.41 0 0 563,454.99 368,601.13 | -6,050,285.91
8 0.62 76,947.17 94,039.17 0 | - 30,000.00 -18,470.97 0 0 605,709.06 372,934.50 | -5,695,822.39
9 0.58 76,177.70 93,269.70 0 | - 30,000.00 -17,384.44 0 0 621,779.22 360,309.54 | -5,352,897.30
10 0.55 75,415.92 92,507.92 0 | - 30,000.00 -16,361.83 0 0 638,285.39 348,117.23 | -5,021,141.90
11 0.51 74,661.76 91,753.76 0 | - 30,000.00 -15,399.37 0 0 655,239.71 336,342.61 | -4,700,198.66
12 0.48 73,915.14 91,007.14 0 | - 30,000.00 -14,493.52 0 0 672,654.68 324,971.22 | -4,389,720.96

-
S



M519N 4.12 (79)

' ) A PV ' ' 9

ANAIUN . GREA a Wi
. | Present | v WAU PV Maintenance RN Cumulative
1l san ldveq o A v AU Y . (un) A laliihn afas (Un)
4 | Value Twlihnanld Maintenance | cost (U1N) MEIN(UIN) , , Free Cash
N NI PV (un) . (yamn aaad (Un) yam

Factor (kWh/Year) cost (U1N) (yam . Flow (UN)
(KWh/Year) Jag1iu) Jag1iu)
og1iu)

13 0.45 73,175.99 90,267.99 - 30,000.00 -13,640.96 0 0 690,543.15 313,989.13 | -4,089,372.79
14 0.43 72,444 .23 89,536.23 - 30,000.00 -12,838.55 0 0 708,918.32 303,382.87 | -3,798.,828.47
15 0.40 71,719.79 88,811.79 - 30,000.00 -12,083.34 0 0 727,793.81 293,139.46 | -3,517,772.36
16 0.38 71,002.59 88,094.59 - 30,000.00 -11,372.56 0 0 747,183.61 283,246.35 | -3,245,898.58
17 0.36 70,292.56 87,384.56 - 30,000.00 -10,703.59 0 0 767,102.10 273,691.44 | -2,982,910.72
18 0.34 69,589.64 86,681.64 - 30,000.00 -10,073.96 0 0 787,564.09 264,463.05 | -2,728,521.63
19 0.32 68,893.74 85,985.74 - 30,000.00 -9,481.38 0 0 808,584.83 255,549.92 | -2,482,453.09
20 0.30 68,204.81 85,296.81 - 30,000.00 -8,923.65 0 0 830,179.98 246,941.16 | -2,244,435.58
21 0.28 67,522.76 84,614.76 - 30,000.00 -8,398.73 0 0 852,365.68 238,626.26 | -2,014,208.04
22 0.26 66,847.53 83,939.53 - 30,000.00 -7,904.69 0 0 875,158.51 230,595.10 | -1,791,517.63
23 0.25 66,179.05 83,271.05 - 30,000.00 -7,439.70 0 0 898,575.56 222,837.88 | -1,576,119.46
24 0.23 65,517.26 82,609.26 - 30,000.00 -7,002.07 0 0 922,634.40 215,345.16 | -1,367,776.37
25 0.22 64,862.09 81,954.09 - 30,000.00 -6,590.19 0 0 947,353.10 208,107.83 | -1,166,258.74
26 0.21 64,213.47 81,305.47 - 30,000.00 -6,202.53 0 0 972,750.26 201,117.08 -971,344.19
27 0.19 63,571.34 80,663.34 - 30,000.00 -5,837.67 0 0 998,845.04 194,364.42 -782,817.44

IL



M519N 4.11 (719)

oo 4 PV . oo A
ANAIUN . GREA a Wi
. | Present | v WAU PV Maintenance RN Cumulative
1l san ldveq o A v AU Y . (un) A laliihn afas (Un)
4 | Value Twlihnanld Maintenance | cost (U1N) MEIN(UIN) , Free Cash
N NI PV (un) . (yamn aaad (Un) yam
Factor (kWh/Year) cost (U1N) (yam . Flow (UN)
(KWh/Year) Jag1iu) Jag1iu)
og1iu)
28 0.18 62,935.62 80,027.62 - 30,000.00 -5,494.28 0 0 1,025,657.13 187,841.66 -600,470.06
29 0.17 62,306.27 79,398.27 - 30,000.00 -5,171.09 0 0 1,053,206.81 181,540.88 -424,100.27
30 0.16 61,683.20 78,775.20 - 30,000.00 -4,866.91 1,457,768.00 | 236,494.07 1,081,514.94 175,454.44 -17,018.67
NPV -17,018.67 U
IRR 6.235 %

Discounted Payback Period 32E21AUAUNN01YIATING

Y 29 A2 o

v Y
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M3199 4.13 NMIAUIAUAT NPV, IRR, DPB d1%15UN191a0N1 4

ANEINY 3 PV , Cu i A
de we | WA AN arlihi
., | Present | % arinla o A PV Maintenance Cu e A Cumulative
il Tylihnaa WA , Umn) mlWihn | asas @wm)
4 Value VDLW v Maintenance | cost (U1IN) AI1FIN(UIN) . , Free Cash
il 4 (VM) , (yam aAad (UN) (yam
Factor PV cost (U1N) (yam . Flow (U1N)
(kWh/Year) . Jag1iu) Jag1iu)
(kWh/Year) ogaiu)
0 1.00 0 0| -7,701,066.15 0 0 0 0 0 0| -7,701,066.15
1 0.94 82,555.55 94,069.84 0 -30,000.00 -28,235.29 0 0 476,237.13 448,223.18 | -7,281,078.26
2 0.89 81,729.99 93,244.28 0 -30,000.00 -26,574.39 0 0 488,579.70 432,790.32 | -6,874,862.34
3 0.83 80,912.69 92,426.98 0 -30,000.00 -25,011.19 0 0 501,247.63 417,893.40 | -6,481,980.13
4 0.78 80,103.57 91,617.86 0 -30,000.00 -23,539.95 0 0 514,249.68 403,513.69 | -6,102,006.39
5 0.74 79,302.53 90,816.82 0 -30,000.00 -22,155.25 0 0 527,594.85 389,633.11 -5,734,528.53
6 0.70 78,509.51 90,023.80 0 -30,000.00 -20,852.00 0 0 541,292.39 376,234.21 | -5,379,146.31
7 0.65 77,724.41 89,238.70 0 -30,000.00 -19,625.41 0 0 555,351.80 363,300.18 | -5,035,471.53
8 0.62 76,947.17 88,461.46 0 -30,000.00 -18,470.97 0 0 569,782.87 350,814.77 | -4,703,127.73
9 0.58 76,177.70 87,691.99 0 -30,000.00 -17,384.44 0 0 584,595.61 338,762.32 | -4,381,749.85
10 0.55 75,415.92 86,930.21 0 -30,000.00 -16,361.83 0 0 599,800.35 327,127.71 | -4,070,983.98
11 0.51 74,661.76 86,176.05 0 -30,000.00 -15,399.37 0 0 615,407.70 315,896.34 | -3,770,487.00
12 0.48 73,915.14 85,429.43 0 -30,000.00 -14,493.52 0 0 631,428.55 305,054.16 | -3,479,926.37
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M3199 4.13 (90)

ANEINY 3 PV , Cu i A

. NI AN arlihi
., | Present | % arinla o A PV Maintenance Cu e A Cumulative
il Tvlihnan WA , Um) amlWihn | asas @)
4 Value VDI v Maintenance | cost (U1IN) AI1HIN(UIN) . . Free Cash
n 4 (VM) , (yam aAad (UN) (yam

Factor PV cost (U1N) (yam . Flow (U1N)
(KWh/Year) . Jag1iu) Jag1iu)

(kWh/Year) ogaiu)
13 0.45 73,175.99 84,690.28 -30,000.00 -13,640.96 0 0 647,874.10 294,587.57 | -3,198,979.77
14 0.43 72,444.23 83,958.52 -30,000.00 -12,838.55 0 0 664,755.86 284,483.47 | -2,927,334.85
15 0.40 71,719.79 83,234.08 -30,000.00 -12,083.34 0 0 682,085.66 274,729.21 | -2,664,688.99
16 0.38 71,002.59 82,516.88 -30,000.00 -11,372.56 0 0 699,875.67 265,312.60 | -2,410,748.95
17 0.36 70,292.56 81,806.85 -30,000.00 -10,703.59 0 0 718,138.38 256,221.86 | -2,165,230.68
18 0.34 69,589.64 81,103.93 -30,000.00 -10,073.96 0 0 736,886.65 247,445.63 | -1,927,859.01
19 0.32 68,893.74 80,408.03 -30,000.00 -9,481.38 0 0 756,133.67 238,972.95 | -1,698,367.44
20 0.30 68,204.81 79,719.10 -30,000.00 -8,923.65 0 0 775,893.03 230,793.24 | -1,476,497.85
21 0.28 67,522.76 79,037.05 -30,000.00 -8,398.73 0 0 796,178.69 222,896.29 | -1,262,000.29
22 0.26 66,847.53 78,361.82 -30,000.00 -7,904.69 0 0 817,004.98 215,272.25 | -1,054,632.73
23 0.25 66,179.05 77,693.34 -30,000.00 -7,439.70 0 0 838,386.66 207,911.62 -854,160.81
24 0.23 65,517.26 77,031.55 -30,000.00 -7,002.07 0 0 860,338.88 200,805.23 -660,357.65
25 0.22 64,862.09 76,376.38 -30,000.00 -6,590.19 0 0 882,877.23 193,944.22 -473,003.62
26 0.21 64,213.47 75,727.76 -30,000.00 -6,202.53 0 0 906,017.74 187,320.06 -291,886.08
27 0.19 63,571.34 75,085.63 -30,000.00 -5,837.67 0 0 929,776.88 180,924.51 -116,799.25

SL



5199 4.13 (90)

ANEINY 3 PV , Cu i A
. NI AN arlihi
., | Present | MNIAH 114 o A PV Maintenance Cu e A Cumulative
il Tvlihnan WA , Um) amlWihn | asas @)
4 Value VDI v Maintenance | cost (U1IN) AI1HIN(UIN) . . Free Cash
n 4 (VN) , (yam anad (L) (yam
Factor PV cost (U1N) (yam . Flow (U1N)
(KWh/Year) . Jag1iu) Jag1iu)
(kWh/Year) ogaiu)
28 0.18 62,935.62 74,449.91 -30,000.00 -5,494.28 0 0 954,171.59 174,749.60 52,456.07
29 0.17 62,306.27 73,820.56 -30,000.00 -5,171.09 0 0 979,219.27 168,787.67 216,072.65
30 0.16 61,683.20 73,197.49 -30,000.00 -4,866.91 | 1,457,768.00 | 236,494.07 | 1,004,937.84 163,031.32 610,731.13
NPV 610,731.13 YN
IRR 6.862 %
Discounted Payback Period 281
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| Edit | Roof1
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Table: Component Details

Custom Material I
|01ﬁce & School |
Thermal - Specific [Ubon |
Conductivity ?k:',’:','.ya) Heat D
(W/mK) (kJ/kgK) [ Logout ]
0.118 1200 12
[=-Main Menu
£-Database
Component of Section
Section of Wall

i Lighting Equipment

AC System
- Split Type & Window Type
Packaged Air-Cooled Unit
Packaged Water-Cooled Unit
“ Central Air-Conditioning System
PV System
PV Equipment
ot Water System
Hot Water Equipment
[=-Other

\..Other Equipment
[=-Building Model
- Building Zone

(=-Report
Envelope System
Lighting System
DX Air-Conditioning Unit
Central Air-Conditioning System
PV System
HotWater System
- Whole Building Energy
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Table: List of Material

mblovleioiy) |mSoxaReiagy) |mBelsiabalay)| (gBunicatoDate)

Thickness (m)

0.015

0.07

0.015

Opaque | Transparent|

|Oﬁce & School
|Ubnn

-
Material Name
auuluit amnisvindmwss Stay Cool 3" H

auwnluuiaf ldsuamnilsyngnmss Stay Cool 6"
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alilasudion wun 50 su.

wnlanFoudiassm wun 1/2°
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1
2
3
4
5 |giiedufon wun 74.2 sm.
6
7
8
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12 s langniinlvb i 3/47
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16 windudunndrsrionunidu
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18| wrududinrieninssam v 12 s

[=-Main Menu

=-Database

[=)-Envelope

! \-Material

--Component of Section

-Section of Wall

-Wall

ighting System

Lighting Equipment

[=-A/C System
i Split Type & Window Type

- Packaged Air-Cooled Unit
Packaged Water-Cooled Unit

- Central Air-Conditioning System

- Other Equipment
[=-Building Model

. - Building Zone
=-Report

Envelope System
Lighting System

DX Air-Conditioning Unit
Central Air-Conditioning System
PV System

HotWater System

“-Whole Building Energy
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Table: List of Section
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[ NewDsts || SaveDaia || DeeteDewa || DupicatcData | Prjes

. Section v = |
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1 Roof |~ e IUbon R |
» 2 [Ean] wei |~ [ Logout J
3 1-1 Non AC - e
4 1-2 AC s
5 1-2 Non AC »2
6 1-3AC z;
7 1-3 Non AC -
[=}-Main Menu
8 | 1-4 AC B
-~
Table: Section Details
Section Name 1-1 AC
[ NewData | [ SaveData || DeleteData | [ Duplicate Data |
I Cogltcaculiiane | Aite (m72) - Split Type & Window Type
»1 |Walll ¥ 24.29 Packaged Air-Cooled Unit
2 ‘W v 48 Packaged Water-Cooled Unit
entral Air-Conditioning System
PV System
- PV Equipment
-Hot Water System
“- HotWater Equipment
[=)-Other
.- Other Equipment
Building Model
i -Building Zone
[=-Report
\-Envelope System
ghting System
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Central Air-Conditioning System
PV System

- Hot Water System

+-Whole Building Energy

d‘ a2 @ ! Y
MUN V.4 F9ALIDIANUULNATATU

p— I [y e

NIENIIWIIIY
Table: List of Wall =

NewData | [ SaveData ][ DeleteData | [ DuplcateData_| Pjea
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» 1 Section1-2 ~| « 157 90 a | [office & School |
2 2 67 90 [Ubon Ratchathani ]
3 he 337 90 I I
4 b 247 90
5 i 0 0

[=-Main Menu
[=}-Database
* Azimuth Angle: 0 =South, 90 =West, 180 = North, 270 = East

Table: Wall Details
Wall Name  Section1-2

& -Lighting System

‘- Lighting Equipment
1-A/C System

- Split Type & Window Type

-~ Packaged Air-Cooled Unit
ackaged Water-Cooled Unit
Central Air-Conditioning System
£1-PV System
LoLpv Equipment
- ot Water System

‘- Hot Water Equipment
[=-Other

. Other Equipment
& -Building Model

- Building Zone
=-Report
- Envelope System

Lighting System

- DX Air-Conditioning Unit
- Central Air-Conditioning System
PV System
- HotWater System
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MNew Data i
Luminaire r 2 5 UEONIY
Electric Power Required (Watt] Description
Code oqgires et} £ [Ofice & School
1 36 [ObonR
2 27
) 18 I
4 |F4 18
5 |F6 36
6 D1 24
7 D2 9
[=-Main Menu
2 Ll i - Database
9 D4 10 \3 Envelope
10| D5 35 .~ Material
Component of Section
1106 S8, Section of Wall
12/w1 40 wall
13|F5 18 ETl ighting System
. -Lighting Equipment
14 F7 18 £ ALC System
Split Type & Window Type
Packaged Air-Cooled Unit
Packaged Water-Cooled Unit
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1PV System
' ' PV Equipment
[=}-Hot Water System
‘- HotWater Equipment
= Other
\.. Other Equipment

- Envelope System
ighting System
- DX Air-Conditioning Unit

PV System
- HotWater System
- Whole Building Energy

i 7 @ %Ingmy%

NIENIIINEIIT

“-Central Air-Conditioning System

- Central Air-Conditioning System

(UBONGOT

Code Cooling Capacity Unit Rated Power (kW) Description A
1 24 |kBtu/h - 2.04 [Oﬁce&School
2 Veu.1-02 18 [kBtu/h - 175 [UbonR
3 |vCu.1-03 18 |kBtu/h i 175 I Logout
4 VCU.1-04 12 |kBtu/h Y 1.08 -
5 |VCU.1-05 74 |kBtu/h. s 75
6 |VCU.1-06 74 |kBtu/h B 75
7 |vcu.1-07 74 |kBtu/h B 75
8 |VCu.1-08 74 |kBtu/h Y 75 S Main Menu
9 vcu.2-01 12 |kBtuth - 1.03 £-Database
10/ VCU.2-02 29 |kBtu/h. v 248 --Envelope
11 VCU.2-03 29 [kBtuh - 262 - Material
= - - - Component of Section
12/ VCU.2-04 29 |kBtu/h. e 262 Section of Wall
13 VCU.2-05 36 |kBtu/h i 332 = - Wall
14|vcu2-06 36 kB |~ 332 ghting System
- Lighting Equipment
15| VCU.3-01 15 |kBtu/h e 128 A/C System
16 VCU.3-02 29 |KkBtu/h i 248 - Split Type & Window Type
-Packaged Air-Cooled Unit
1 VEN:5:03 24 gl M 2.0¢ Packaged Water-Cooled Unit
18/ VCU.3-04 18 |kBtu/h v 167 - Central Air-Conditioning System
19 VCU.3-05 24 |kBtu/h v 203 =PV System
. PVEquipment
20 VCU.3-06 24 |KBtu/h b 208 Hot Water System
21|VCU.3-07 24 |kBtu/h. [ 203 i..Hot Water Equipment
22|VCU.3-08 24 |kBtu/h i 203 (= Other _
23 VCU.3-09 24 |kBtu/h v 203 . Other Equipment
24/VCU.3-10 24 |kBtu/h ~ 203
25 VCU.3-11 24 |kBtu/h - 203
26/ VCU.3-12 36 |kBtu/h N 3.14 kil Lighting System
27 VCU.3-13 24 |kBtu/h e 203 DX Air-Conditioning Unit
28|VCU.3-14 36 |kBtu/h v 3.32 Central Air-Conditioning System
e PV System
29|VCU.3-15 36 |kBtu/h. i 3.32 Hot Water System
30|VCU.4-01 24 |kBtu/h e 214 Whole Building Energy
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Table: List of Building Zone NIZNIIINRII

[ Newbate | [ SaveData | [ Deleter

| [ Duptcate Data | Profa
Usonoot

Edit Zone Name Zone Floor Zone Area (m"2) Description 2

3 = — = E = i |0ﬁce&Schoul

169.49 [Ubon

366.91 [ e
209.01

m

124.58
163.16

Edit ] 48 175.21 Y| (S WenMen

| Edit | Core Zone 1-4 484 i =-Database

| =-Envelope

| Material

--Component of Section
Section of Wall

Zone Name 1A LLwall

S (= Lighting System

[ Newbaa |[  saveData |[ Deletepata | [ Dupiicate Data | ?L;gfﬁ,.;s;u;pmem

Exterior Wall |Lighting Equipment | DX A/C Unit| Central A/C Equipment | Other Equipment s

Section -Packaged Air-Cooled Unit

Name - Packaged Water-Cooled Unit

- Central Air-Conditioning System

PV System

-PV Equipment

ot Water System

-Hot Water Equipment

(=) Other

ther Equipment

ilding Model
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Table: Components in Building Zone

Wall Name

Area (m"2)

1-1AC -] 29.09
=
=
=
=

=
v |2-1AC 19.25
3 [Section32 |~ [3-1AC 5331
=
=

4-1 AC 13.93
4-1 AC Wi...

71

DX Air-Conditioning Unit
Central Air-Conditioning System
PV System

HotWater System

‘Whole Building Energy
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Table: OTTV/RTTV Report NIENIIONFI0N
OTTV (A/C Zones ) 49663 Wim~2
Code OTTV 5000 Wim~2 Building OTTV Status Passed OEON0]
OTTV ( All Zones ) 42869 Wim~2 [Ofice & School
RTTV ( AIC Zon 6018 Wim~2 y. [Ubon Ratchathani
( =) " Building RTTV Status Passed

Code RTTV 15.00] Wim"2 (

Table: OTTV/RTTV by Wall Report

Select a Wall
© wall [Sectiont2 -
[=-Main Menu

© Roof [Rooﬁ V] (=-Database

[=--Envelope
Total Wall OTTV/RTTV Report | OTTV/RTTV by Section | Opaque Components in Wall | Transparent C inWall | Comp Aeap ¢ [ Material

[ tof Secti
Wall Name Wall/ Roof OTTV/RTTV WWR Sl

» 1 0 Wall 35.59 0.16 Wall

hting System
Lighting Equipment
C System
Split Type & Window Type
Packaged Air-Cooled Unit
Packaged Water-Cooled Unit
Central Air-Conditioning System
System
PV Equipment
-Hot Water System
- HotWater Equipment
- Other
- Other Equipment
& Building Model
*.-Building Zone
[=-Report

hting System

X Air-Conditioning Unit

entral Air-Conditioning System
-PV System

- HotWater System

\.-Whole Building Energy
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Table: Lighting System Performance

Total Power Watts ]
Total Buiding Area m2 e B ONOOT
Power Density Wim*2 Rased [offce & School
Ub
Compliance wim2 Loon
Luminaire Report by Floor | m'mgggoyg byZm;e‘ I Logot
Floor Total Power Total Area Power Density
» 1 3,644.60 Watts 560.61 m"2 6.501 W/m"2
2|2 1,989.00 Watts 294.07 m*2 6.764 W/m"2
33 3,985.80 Watts 530.07 m"2 7.519 W/m"2 v
5 [=-Main Menu
4 |4 2,631.00 Watts 384.22 m"2 6.848 W/m"2 £ Database
5(5 18.00 Watts 15.13 m"2 1.190 W/m~2 [=-Envelope

Material
Component of Section
Section of Wall
Wall
Lighting System
- Lighting Equipment
[=-A/C System
Split Type & Window Type
Packaged Air-Cooled Unit
Packaged Water-Cooled Unit
- Central Air-Conditioning System
‘:T] PV System
. ~PVEquipment
Hot Water System
Hot Water Equipment

- Other Equipment
ilding Model

Central Air-Conditioning System
PV System
- Hot Water System
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Report : Whole Building Energ ) X : ’ @g%muswm

NIENIWWEIIU

Table: Whole Building Energy Report

Building Energy Consumption 93.709.72]  kWhiYear ‘ 3
Energy from PV System [ o SEERT fesa biceay Fodo Comptancn usONaDT |
Net Energy C 5 Building) 9370972 KiWhiYear Passed [office 8 School |
. N [Ubon R: i |
Net Energy C ( Building) 130.23306]  kWh/Year —
Energy by Floor I Logoul ]
Floor Floor Area Wall Area Roof Area OTTV RTTV cop LPD EPD
" (m"2) (m~2) (m"2) (W/m"2) (W/m*2) (Wim*2) (W/m"g
v 560.61 370.06 0.00 59.56 0.00 295 650
2|14 4.84 0.00 0.00 0.00 0.00 0.00 0.00 1, [=-Main Menu
3z 294.07 376.26 0.00 31.01 0.00 3.26 6.76 &t Database
43 530.07 430.00 0.00 38.45 0.00 338 752 b Vatoral
5 4 384.22 312.46 52261 47.97 6.02 3.13 6.85 - Component of Section
65 15.13 53.09 0.00 16.27 0.00 0.00 1.19 Section of Wall
- Wall
& Lighting System
. -Lighting Equipment
AIC System
- Split Type & Window Type
- Packaged Air-Cooled Unit
- Packaged Water-Cooled Unit
- Central Air-Conditioning System
[=-PV System
PV Equipment
=3 Hot Water System
. HotWater Equipment
=-Other
*- Other Equipment
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- Building Zone
=-Report
- Envelope System
i Lighting System
DX Air-Conditioning Unit
- Central Air-Conditioning System
PV System
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