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## 6187289220 : MAJOR ENERGY TECHNOLOGY AND MANAGEMENT
KEYWORD: RENOVATION BUILDING ENVELOPE OFFICE BUILDING ENERGY
CONSERVATION.
Yochana Chaowanakamol : Retrofitting office Building for energy efficiency : A
Case study of Administration Building GPO . Advisor: Assoc. Prof. Dr. Withaya

Yongchareon Co-advisor: Assoc. Prof. THANIT CHINDAVANIG

This research aimed to study the building envelope of an office building,
administration building GPO, to improve this office building to achieve energy efficiency, and
to renovate the building envelope to follow the standard of the Energy Conservation Promotion
Act (No.2) B.E. 2550 (2007). The study of the possibility of financial measures and cost
effectiveness were included thermal insulation, lighting system equipment and air conditioning.
The method of the study was a computer simulation via Building Energy Code Software
version 1.0.6 Program. It was found that The OTTV of the building envelope was 34.102
W/m?. The RTTV was 19.433 W/m?. Maximum LPD was 14.461 W/m? The EER in Air-
Conditioning system, Split type don’t pass. Whole building energy consumption was 813,300
kWh/y. The result of simulation show that energy consumption of building essentially came
from lighting system and air conditioning system about 76.75 percent of whole energy
consumption. So, if the owner of building wants to decrease building’s whole energy
consumption, the energy conservation strategies needed to be considered as following improve
building to install Polystyrene foam at the roof, replace fluorescent lights with LED lights and
high efficiency split air conditioners. Then the new RTTV was 13.605 W/m?2. LPD was 6.627
W/m? EER was more than 3.22 W/W. All of these methods reduce RTTV by 30 percent.
Finally, building’s overall energy consumption will decrease by 29.66 percent and energy

saving cost was 964,972 Baht/year. Payback period was 6 years and 5 months.

Field of Study: Energy Technology and Student's Signature .........c.cceeveeereennne.
Management
Academic Year: 2019 Advisor's Signature ...........oceeeveeereennenns

Co-advisor's Signature ...........cceeuneee..
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Step 3:
Molded Foam

Step 2:
Expanded Beads
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2.3 Tlsunsudraoems l¥wadsau BEC v.1.0.6
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. o K-Value Specific Heat
AaHIIaN AUKUT (m) Density (kg/m?)
(W/mK) (kJ/kgK)
ABUNTALABN 0.07 0.546 2210 0.92
Yunu 0.015 0.72 1860 0.84
Table 9 AuANA TN 115 0a
Jerquiia T sauers ANUNUI (m) | U-Value (W/mK) SHGC
AszInAnTlalnIoaLas 0.006 5.34 0.56
NIZINAALAITVIAN 0.006 5.22 0.624
Ocean Green Float Glass 0.005 5.77 0.64
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. . K-Value Specific Heat
a9vadn ANUHUI (m) Density (kg/m?)
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SC.3 NIN3.61. xgal4n, 0.301227

SC.4 NN 3.6 x g 175, 0.372565

SC.5 9361 xga 175w, 0352926

SC.6 9191 x e 175w, 0.384804

SC.7 9191 x e 175w, 0.421091

SC.8 NN320 x e 175, 0.415253

SC.9 1720 x g 175 W, 0.422285

SC.10 4 xgal75 W, 0.413246

SC.11 nIN36u. xga22w. 0.481863

SC.12 NAN3.6 1. x ga22 4. 0.40196

SC.13 760 xga2w. 0.873101
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SC.4 ne3.6u xga 175, 0319374
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SC.6 NN 183 W x ga 1.8, 0.370607

SC.7 36 xge2w. 0.757064

SC.8 e 76u xga2w. 0.870418
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SC.2 NN 0.73 0. x g3 1.81 . 0.254214

SC3 N3N 3.6 0. x I 175, 0.344466

SC.4 N340 x ge22 . 0.408062

Az TUDONINLAITID SC.1 P9 3.6u. xga 175, 0.442851
SC.2 N393.6 0. x e 1.75 . 0.378094

SC3 N3190.73 4. x §9.0.95 . 0.181931
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19 = 9

Az IUoeNNealA 0.26
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o R o saulaul | faslvldhsow
aau | wiiaviaea i YAIAAAD A o
(Iaw) (39)
4 v 4
Waoorsdirua | viaoa W 4 x 36, aaan 4 x 6
1 wa o, 22 3,696
T8 4 x 36 AN 168 306
4 o 4
Wpoosamwud | viaea I 3 x 36, 11aa1da 3 x 6
2 o o 222 27,972
T8 3 x 36 1A 126 304
4 @ 4
Wgoosmwud | viaena Il 2 x 36, iaadd 2 x 6
3 o o 750 63,000
T8 2 x 36 194 84 3@
4 @ 4
Wooosmwud | viaea Il 1 x 36, aaida 1 x 6
4 o, = 299 12,558
T8 1 x 36 A9 42 Sad
4 v 4
Waoorsdiarud | viaea lWl 2 x 18, aaaA 2 x 6
5 o AN 137 6,576
T8 2 x 18 79 48 Sad
4 v 4
Waoorsdaud | waoalW 1x 18, iaaad 1 x 6
6 v J v o 3 72
TS 1 x 18 79 24 Sad
'l Jd v J v J
7 A1 lan 50 Tae viaoa 1l 50 Tae 135 6,750
'l Jd [ Y4 v J
8 a1 lavi 40 Tad viaoa bl 40 Iaa 24 960
'l Jd v J v J
9 a1l lavi 32 Tad viaoa 11l 32 a4 1 32
'l Jd [ Y4 v J
10 | anladi 18 Jaa viaoa 1yl 18 Jaa 36 648
11| emilad 13 a4 viaealyl 13 Sad 54 702
12 a1l lan 8 daa viaoa 1yl 8 Sad 8 64
a1l lant o
13 o, vaoa 1 2 x 26, 52 ad 162 8,424
2x 26 0@
4 v J v J
14 | anilat 150 Sad vaoa 11l 150 Jad 9 1,350
4 v J v J
15 | anilan 26 Sad vaoa 11l 26 Taa 23 598
16 LED 20 304 wana 20 Sad 4 80
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- szuulSueimd

9 ! 14 < ' . .
10N1581539N U1 seuvlsuernmanielueints Wuuvvuenaiu (Split type air

Y H
A A =

Y 1 1 v
condition) AILAVUIA 10,000 DIVUIA 220,000 Btu/hr 31174 185 1599 FIUNUN 1Fa1ua a0

Y Y
Fu 1 8931 6 Tasazdlammiz Tuduns - gns 11a17.00 - 17.00 u.

o A o o
Table 14 9ilnsaltneInuszyy/iueinea

. e - Power Input .
a1y BYUA YU1R (kBtu/Hr) INUN
(kW)
1 Split type 1 e 10.657 0.97 Failed
2 Split type 1 e 12.265 1.1 Passed
3 Split type 1 e 12.5 1.26 Failed
4 Split type 1 e 12.6 1.2 Failed
5 Split type 1 e 12.76 1.141 Passed
6 Split type 1 e 13.03 1.147 Passed
7 Split type 1 e 13.059 1.095 Passed
8 Split type 1 e 13.307 1.071 Passed
9 Split type 1 1l 15 1.246 Passed
10 Split type 1 (¥l 16 1.677 Failed
11 Split type 1 1l 16.5 2.42 Failed
12 Split type 1 t¥ler 17.227 1.553 Passed
13 Split type 1 e 18 2.2528 Failed
14 Split type 1 e 18.216 2.024 Failed
15 Split type 1 e 18.353 1.71 Failed
16 Split type 1 t¥ler 18.4 1.8 Failed
17 Split type 1 t¥ler 18.408 1.56 Passed
18 Split type 1 t¥ler 18.675 2.075 Failed
19 Split type 1 1l 19 1.762 Failed
20 Split type 1 tvlar 19.069 1.5747 Passed
21 Split type 1 e 19.259 1.7568 Failed




o A o o ]
Table 14 91nsalNeIN UL VVUTUOINIA (M8)
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22 Split type 1 e 20.64 1.89 Failed
23 Split type 1 e 21.973 2 Failed
24 Split type 1 e 24 3.417 Failed
25 Split type 1 tvlar 24.905 2.147 Passed
26 Split type 1 tvlar 25 2.125 Passed
27 Split type 1 tlar 25.25 2.598 Failed
28 Split type 1 tla 25.573 2.65 Failed
29 Split type 1 e 25.6 2.51 Failed
30 Split type 1 e 25.609 2.276 Passed
31 Split type 1 e 25.8 3.278 Failed
32 Split type 1 W 25.9 2.655 Failed
33 Split type 1 e 25.948 1.877 Passed
34 Split type 1 e 26 1.986 Passed
35 Split type 1 e 26.11 2.2481 Passed
36 Split type 1 1l 26.176 2.46 Failed
37 Split type 1 ¥l 26.296 2.2247 Passed
38 Split type 1 e 26.401 2.351 Passed
39 Split type 1 1¥ler 28.275 2.93 Failed
40 Split type 1 e 29 3.22 Failed
41 Split type 1 tla 30.092 2.546 Passed
42 Split type 1 tvla 30.513 2.626 Passed
43 Split type 1 wa 33.253 2.813 Passed
44 Split type 1 t¥ler 33.4 4268 Failed
45 Split type 1 t¥ler 35.3 4224 Failed
46 Split type 3 t¥ler 35.3 2.014 Passed
47 Split type 1 e 36 3.981 Failed
48 Split type 3 e 36 3.75 Failed
49 Split type 1 e 36.02 3.22 Passed
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o A o o ]
Table 14 91nsalNeIN UL VVUTUOINIA (M8)

50 Split type 1 tla 36.065 3.32 Failed
51 Split type 3 tvla 37.83 4.509 Failed
52 Split type 3 tvla 37.943 3.543 Failed
53 Split type 3 ¥l 38 3.95 Failed
54 Split type 1 ¥l 38.158 3.228 Passed
55 Split type 3 e 38.3 2.508 Passed
56 Split type 1 wa 38.631 3.2892 Passed
57 Split type 1 e 38.7 4.84 Failed
58 Split type 1 e 39.4 3.98 Failed
59 Split type 1 e 40.539 3.4538 Passed
60 Split type 1 W 44.235 4.584 N/A
61 Split type 3 e 45 4.385 N/A
62 Split type 3 ¥l 48 4.602 N/A
63 Split type 3 ¥l 493 4.242 N/A
64 Split type 3 1l 56.2 5.594 N/A
65 Split type 3 1l 57.736 5.983 N/A
66 Split type 3 W 60 6.161 N/A
67 Split type 3 1l 68.592 7.108 N/A
68 Split type 3 e 120 11.13 N/A
69 Split type 3 tvla 129.8 11.772 N/A
70 Split type 3 e 220 22 N/A

A o = 4 a
NULYe N/A A9 m"lumﬂmmmiﬂﬁzmu
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Figure 181A50915Ue1mAuyLLenaIy
- ginsailih
namsdigdnsal Iihaelueins wohiivanelszian 39 lddenmmzgilnsal

v ¥ Y
Tlihnldanuedanoios Tnslisieazdeasninisial

Table 15 719m391n5al IWih

a1A1 semsgunsal Electric Power Required (Watt) | $143% (1A304)
1 AoNTIADS 34 429
2 sTULAIUANANAAIR 1 68 1
3 szuumuauaANadIT 2 72 1
4 CRAC System 528 2
5 AHU 1 2,200 2
6 AHU 2 1,500 10
7 FCU 14,000 Btu/h 56 15
8 FCU 20,000 Btu/h 100 40
9 FCU 26,000 Btu/h 174 52
10 FCU 39,000 Btu/h 192 50
11 FCU 43,000 Btu/h 240 1
12 FCU 54,000 Btu/h 253 7
13 FCU 68,000 Btu/h 348 4
14 UPS Data Center 18,718 1
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wmmsguiasinszua lihvesginsal i lueims Taeld unanilines

o o a 14
Figure 19 7’)7ﬂ75?¢)ﬂ5§5!!ﬁ'?Wﬂm]@ﬂﬂ@iﬁv’)!ﬁl@i

P =1V x Power factor=0.17 x 220 x 0.91 =34 W

o o a 4 @
Figure 20 msianszua IWihvesssuuniuguans 2 62

EWGT 1 ;P =1V x Power factor = 0.34 x 220 x 0.91 =68 W

51/152 ; P=1V x Power factor =0.36 x 220x 091 =72 W
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Figure 21 mmsianszua IWihves Fan coil unit Figure 22 Nameplate Computer Room

YUIA 26,000 Btu/h

P =1V x Power factor

P=0.87x220x091=174 W

Air Conditioning, CRAC System

P=Sxpf=580x091=528W

Modular UPS system - Technical data

NUMBER OF MODULES 1

2 3 4 5 6 I 8 9 10 | 11 [ 12

POWER [kVA] 20

40 | 60 | 80 [100[120]140[160[180) 200|220 | 240

REDUMNDANT COMFIGURATION

N+x

ELECTRICAL SPECIFICATION - INPUT
Nominal voltage [V]

Input frequency [Hz]

Input power factor / THDI™

ELECTRICAL SPECIFICATION - OUTPUT
Output voltage [V]

Output frequency [Hz]

Automatic bypass

Overload =

Crest factor

Voltage distortion
MODULE

Power [kVA]

Power ® [kKW]

Battery charging current [A]

Efficiency (on-line mode)

Efficiency (eco mode)

Weight [kg]

Figure

(3ph + N) 400 V -25% + 20% (up to -50% at 70% Pn)
50/60 Hz = 10%
0.99/ < 3%

(3ph + N) 400 V = 1% (380/415 configurable)
50/60 Hz
Nominal output voltage +15% (configurable from 8% fo 15%)
Nominal output frequence +1 Hz (configurable from 0,5 o 5 Hz)
125% for 10", 150% for 60"
31
+1%

20
18
1.2-5
up o 96%
up to 98%
30

23 UPS Data center
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Number of modules = 6
Battery charging current = 1.2 A
Power input = 6 x \/3 x 1.2 x400 x 0.99 =~ 5 kW

2 Tuams 151939

SKW x 24 T4 x 365 T2 = 43,800 kWhiy

%2 Tuanms IgauluTsunsw

X x 9 531349 x 260 U = 43,800 kWhiy

X =18.718 kW

4.2 quauia tagsmveddagiuniuilya

Faqi 19 lumsus s 18ud auauiuaimdow naea'ldl LED nazinsesSuenea
Tasdsnnnsaaifivieluiesmain uazienlFlunuteaduernsves esdmamdrnssu
4.2.1 auuiuanuSou
wnnsannnlszaninnlumsduniuanudou tazanmmsihnnuiouves

'
Y 29

ag auaunuaNuiounadedisaninmsiiinnuioud Taemiilanesin wwilsznm uaz

]
=1

9 v v
anuduilulundaziiui TasauauidennlFlumsysilguivezilunauiusiia Trlung
= a O Y dy o = = Yy
a'l3u (Polystyrene Foam : PS) Tasaziandlaurunszidosnasnl laslisieazidoaluaiu

9
AuauAAl

Table 16 AMAVTAYOINUIUAUAIILS DU

. anuruiu | amsthanudou ANUHU
a1 szian
(kg/m?) (W/mK) (mm)
1 Polystyrene Foam 16 0.037 50
2 Polystyrene Foam 16 0.037 75
3 Polystyrene Foam 16 0.037 100




43

4.2.3 vaoa Iloada
agiiunasa LED dluiitionunn mazidluvaea ldidlszansam nagIfuasaing
1 Y o A =t [ R A o Y a @
g3 nazidesnnuiousoninduiameununasangesisaaua Fawailiinanislszvida
v
T luszuudfuerna anradisiermsnsaidnyimud Inn I vesemistiulianing
pazdalFanuldlng TeinsanmsdSudunmemanlasunaea llumumsulaeu Tayld

Table 17 gUnsail/furlyuneaiuuasadng

. U
Al ¥iiaviaoa 1 Sad 91y (12 Tw9) | vdnd QL)
(vinon)
1 LED Tube 9 50,000 1,050 277
2 LED Tube 18 50,000 2,500 2553
3 LED Bulb High Lumen 14.5 10,000 1,800 36
4 LED Bulb High Lumen 33 10,000 4,000 279
5 Essential LED Bulb 5 8,000 540 8
6 Essential LED Bulb 9 8,000 950 54
7 Master LED PAR 20 25,000 1,850 9
UYL sfl}ﬂi;!ﬁﬁ]”lﬂ Catalog Philips Price List 2018 - 2019 379U 3,216

Table 18 Mmnfseunevviasa Inuasanauauiuvaea Inuaaaie1ny

3 viaen W@y viaoa 1]
R

1l521m Wé’ﬂcff(gmu) aa Uszian V\Ié’ﬂcf(qmu) aa
1 Fluorescent T8 1,030 18 LED Tube 1,050 9
2 Fluorescent T8 2,600 36 LED Tube 2,500 18
3 Halogen 500 50 LED Bulb 4,000 33
4 Compact FL 3,600 52 LED Bulb 4,000 33
5 viaoa 1d 1,380 150 LED PAR 1,850 20
6 Downlight 1,040 18 LED Bulb 1,800 14.5
7 Downlight 760 13 LED Bulb 950 9
8 Downlight 400 8 LED Bulb 540 5
9 Compact FL 1,984 32 LED Bulb 1,800 14.5
10 Compact FL 1,800 26 LED Bulb 1,800 14.5
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lﬂ' o =) =)
4.2.4 103905 v0 M)z ansnIngs
Y Lﬂ' [ Y [ Iy [ [ dal
Tagtiwnsesdsueimalaimsiauiszouldinsdszvdanasauuiniu anwa
o == 1 A [ g’z A (DR 4 a
#157991M13 03 AANYINUN 1AT9915 VD IMAVDI01ATUY VAT TUR AU N1TU TN
1 4 o o { 4 % I
wazianmmunuiieannlyauuivaistl anusuiudeslasunseslSuemaliiluszuy

aA a A zﬂ' 9 [ 1
“I/IiJﬂ'l‘IJiSﬁVI‘ﬁﬂ'IWE;(Q eaams 1¥nasnu lussuudsuoimeaas

Table 19 gUnsail/fur/suneariussuyysueina

. - YU Power Input EER UM
a1y FUA 4
(kBtu/Hr) (kW) (W/W) (1A599)
1 Split type 1 tvla 13.294 1.095 3.56 10
2 Split type 1 e 19.083 1.559 3.59 55
3 Split type 1 tla 25.237 2.072 3.57 22
4 Split type 1 e 28.286 2.391 3.47 2
5 Split type 1 e 30.355 2.579 3.45 2
6 Split type 1 e 33.408 2.824 3.47 2
7 Split type 1 tla 36.828 3.121 3.46 12
8 Split type 3 tla 36.815 3.112 3.47 9
9 Split type 1 tla 40.254 3.42 3.45 2
10 Split type 3 tla 40.24 3.39 3.48 2
LV ﬁﬁ’ﬂlql,amﬂ Catalog Tasaki FULE-B SERIES U 118

4.3 aaUUUI099 M TAULL
) A =R A 9 I =\ =1 9
AsT1aesan meIn1sveseImsnsaiany e lFidugiulunsSeuiioudae

a 4 4 o { ) 1
Tilsunsuneuiames BEC orhwai laninmsdisrsdeyanseueints aruiszneuves

o

pfan Y wazeia Ty sanas aduilszneuveandent nayms ldndanuvesszuuaie 9 1

9

o Y o a d & AN YA o A
maaqﬁmwmmﬂuiﬂmﬂm BEC LadMmn1sunsieyial OTTV uas RTTV “]NNEI‘VI“lmJﬂQ‘L!



Table 20 Wﬁﬂ77§768\7ﬁ'ﬂ77\l87ﬂ7§¢9)}?8Tllﬂlﬂill BEC
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NAVOINIY U-Value (W/m?°C)
— WWR SHGC | OTTV (W/m?)
NEgUIN NUINU NITIN
priuANRemile 2.994 5.22 0.36 0.624 31.65
nriuesniaesls 2.994 5.22 0.26 0.624 37.96
nriuanmeals 2.994 5.22 0.07 0.624 43.84
Azdueandaanila 2.994 5.22 0.11 0.624 40.48
mae 34.102
U-Value (W/m2°C) RTTV (W/m?)
NaIn 1.328 19.442
mae 19.442

denfsumeutsunanasnu lihnldanmssiasaluTysunsy BEC v.1.0.6 e

fudSuna'vinlden WATTHOUR METER wunifSunaindiaosldanTilsunsy BEC 3

1 1 9 a A I 9 o ~
mqm’nmﬂmmﬂﬂ ﬂmﬂu‘i’aﬂa:: 1.765 AdA1319N 21

Table 21 wavan lWvhsetlorn Ilsunsusraesuazms lva1uasa

BEC v.1.0.6 R
— Psanams 14 laihes
5185 Ysuna vl Anilu
(kWh/year)
(kWh/year) (%)
szuvilsvueime 305,428.56 37.55
syuulvlhuasadne | 318,830.90 39.20
szuvugilnsal Tl 189,049.42 23.24
37y 813,309 799,200
MANUAAIAIAADY gan1 14,109 kWh
o v 9 a a g
AUAINT 1HIIUD39 Aty 1.765%

wieig: Usuams 14 1Wdhase 1d9n WATTHOUR METER 59uv0901013 &9 liaunsa

[ Y
uennsldnuluudazszuv'ld Wesnneas 'ldaadaiwes I enuaazszuy
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<3 1 o 1 Y] 1 I H
vemuldwanisiiuiteainis lanasau lildhvesemsneudsullse 2'ldan
X I 1 (% ) 4 Aa
T150n53 BEC v.1.0.6 FudluTilsunsunnsznsranasanuuzaih v ldme s siivoimsiey
o 4 Y =< o dy I = Y A @ Y o a
Aunaangretas lslunsaneiassibiuvan tanulndResdumslondsnuas
= Y o = =1 [} A @
Y9401A15 2 1AMMsAne uazfFeuieunailszvda uazszozaunuuowuInliulg

AU ldsunsudaeanumsdiulgeesa

Table 22 #Ham3Uszdiums Ignwasnuvesermsneunssuils

List am'la N Status
OTTV (W/m?) 34.102 <50 Passed
RTTV (W/m?) 19.442 <15 Failed

LPD (W/m2) 14.461 <i4 Failed
A A
YN T nﬂlﬂiﬂﬂ
EER (W/W) Failed
<3.22 >3.22
Total Energy

813,309 <795,465 Failed
(kWh/year)

a 0 U o [ [ [

4.4 3Lﬂ§1$ﬂﬂ1ﬂ15ﬂ18!ﬂﬂ31%%}@u ngﬂ'laf]\‘lﬂ'l‘iﬁl%}Wﬁ\N'lu’i’iaQﬂ'l‘iﬂiUﬂE\i
) g’/ < YR 1 = | ] 4
Hav1NN13T180901A15 lae TUsunsw BEC uu%mu"lmw A1 OTTV UATNTULDU N

1 a 1 1 1 4
133U UANANSU UM RTTV, LPD, EER 8¢ Total Energy ﬁﬂ?gﬁﬂ’)”l!ﬂﬂl“l’lﬂTﬁijj?M
[} = 9 [ 1 d’ [N} 4 d’ o Y 1

ﬂ”ISWTLLu’J‘VI”I\‘lﬂTi‘]Ji”]J”lJ?\W\‘]Luuﬂi‘UﬂgﬂGluﬁ’)u‘ﬂ]luW']1!Lﬂﬂl"'Ifl‘JJW]ijjTuLW@V]ﬂﬁﬂTﬂTiﬂTﬂm

Y
ﬂ’JﬁJ%}’t’)uﬂii’)U@”lﬂ”li uazmmﬂ%’waNmmmmmmiaﬂaa Tﬂmmamamiﬂmﬂgmmz

' P v

Lﬁﬂﬂ’lﬁﬂﬁﬁﬂ?ﬁuﬂizﬁﬂ‘ﬁﬂ13ﬂTﬂlﬂﬂﬂiu%}@ui’luﬂlﬂﬁﬂﬁﬂﬂTQT L¥U ﬂmuﬂumm%’@u ag
Y

Y

9 A A o ) = <
viaammﬂizmawuﬂﬂummmu HJL!@]‘L! ﬂﬁl‘]_]aﬂi‘!ﬁﬁ@ﬂmﬂﬁaﬂﬂ T8 nJuwa’em LED 9%

o

MIRTmMsldndsnuludiuvesszuu Iihdessaineanas tazmsalasumnseslSueinmea

I Aa a A oA [N ' o Y Y o '
L‘]JL!LL‘]J‘U‘II53ﬁVI‘ﬁﬂTWQQLW]HLﬂi@QLﬂTVI]lNWTHLﬂm"V] i]‘é’/VIﬂﬁﬂJﬂTiGlG]foN\iTUGlUﬁ’Juéllﬂﬁigﬂ‘]J

o o a Jd
1USue1nirana uﬁ'amammmiﬁ"wiﬂmﬂm BEC 2A318UAINTDUDIAT l,!,ﬁzﬂ"li(l%j

9
v A

9
NWAWNTUHUYBDITSUUAN 9 Wﬁ\iﬂﬁﬂiﬂﬂ?\i%ﬂﬂiﬂ PNU
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4
a U

Y Y ]
1) mm@mamunumm%’@u IﬂEJG]ﬂGl\1Uﬁl’)ﬂ!iﬁﬂizlﬁﬂﬂuﬂﬂﬁﬂﬂ%ﬂu Lﬁﬂaﬂﬂ’ﬂll

9 A ] Li’ [ Y 1 zg A (o Y o a 3 @ Y
5@1!1’]3']311/]W'll!ﬂ5$LUfN‘Via\‘]ﬂ'lﬂl'lng!VlﬂﬁU@'lﬂWﬁalﬁwaﬂﬂW Tﬂﬂﬁﬂmﬂuﬂuﬂummmu
¥1ia PS Foam

Ay ¥ a o o
Table 23 Wﬁ‘VI?@ﬂ"’ﬂﬂ"ﬁﬁﬂﬂﬂ?”ﬂ”ﬂ?ﬂliﬂu

RTTV RTTV | M3EnWasau | wainuves
N | vilanwuduanudeu | wawlsulye | fasas V0I0IMNMT | 91MINAAad
(W/m?) (W/m?) (kWh/year) (kWh/year)

PS Foam HUWUY 16

R1 13.605 5.836 807,621 5,688
T©U1 50 WU (27)

PS Foam HUWUY 16

R2 12.819 6.623 806,854 6,455
U175 WU (37)

PS Foam WU MUY 16

R3 12.333 7.109 806,381 6,928
HU1 100 Wi, (47)

2) dwmfumsdfulgaluszuuldihdesadng vznldsunasailgoasasud T8 nag

J a < e 2 A o 2
‘ﬂa@@ﬂamwm\lgamimmumm Lﬂuﬂﬁ’t’]ﬂ LED M1ua cdﬁmwamu

Table 24 wail laonms/5ur/ganaea Iwvn T/sunsy BEC

Mmaedesad | mimasdes | mylendiany | wainuves
i yiianaoa vl wdnlSuige | adniianas Vel | ermsiianas
(W/m?) (W/m?2) (kWh/year) (kWh/year)

L1 LED 6.627 7.834 601,057 212,252

3) dmiumsdSudgaluszuudSuerma Tasmsnldsuniesliueimsununendiu

Y I A Aa Aa a A ~ [N SR A o dy
‘IW, umiamuﬂszﬁmquq LﬂWTglﬂi’t’N‘V]]lﬂJWTHLﬂﬂ!"ﬂ SFAUNAPN U
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Table 25 wail lanmsl5ur/gunsestSuermenin Isunsu BEC

mMs ey NAINUVDY
i siansoaSueInme EER(W/W) V999113 P13 Nanag
(kWh/year) (kWh/year)

Al Split type >3.22 NNIAT0N 785,853 27,456

4.5 MIVATEHMUATHIMEAS
o PR & ko o ¥ a ¥ v A
lumsdsudgeoms Iiiunasiniasgiuiu aunsoi ldlasaaanuiuldnszidos
[ a A o a g U 9 [ A Y a
naIA AN o111 ns1z¥a1nITa1emauiouI VI aIA191A15 1o 1IN a
a A 9 [ d' a [ g’/
Yszansmmlunislendinuvesoimsganga lumsnasanwamslivilyaiuezgainu
Aumvesmsau IasdinszHinnsesiioniumsugenaas 1ain NPV IRR 1azDPB
o o 99 Y1 o til
MIAUIUANHUA I 1BA1AT
[ g a A A té/ d‘ﬂ)
1) Interest Rate 8a5190nladur1nveIsuIng Falinenlenseeay 0.125

2) madsuljsomssgmnineiguedInsans 20 1)

a 4 9 [ 1 Y]
NAHANIAATIZHNST IFnasunn Tsunsy BEC wun misdsuilganseusimslag
a ¥ [ a o 1 ] 4 4 o
msaanuduldnszidosuasnuanauiinkilda RTTV iumnasiniasgiu mesiins

9
nFeuneunaims lammsaadinuiuldndinaieanuruaady 3 ¥une

H Y H
M3NsaIMIliulgeemsnmuIzauiy 9 NITUINNUINTNITNNAT NPV
IRR 1ag DPB 109NNz duueIn1yadn it Iagiiniasnisaanainuisiasaanineinns
Waanslsuilge ivequalszndaa Iiihweseins TaslinamsdSuilzsamuasmsinaag
I Y ~ @ dy
Auswaluasian 4.19 asi

Table 26 Wam3ivilgaumaznsms

Ruasu | a1 llfhvesermsnainms

el ERUGRESIEATM R 3 .
(1N) USvalga wmAl)

R1 | PS Foam HUWUY 16 WU 50 WY, 48,883 3,230,484

R2 | PS Foam HUMHU 16 ¥ 75 WY, 64,975 3,227,416

R3 | PS Foam WU MUY 16 W11 100 UL, 81,066 3,225,524
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I2
Table 27 a1 15m1enu@onnsySulandinmveserns Ineandanuau PS Foam A0

WU 16 WU 50 Uy, (R1)

5 A liihueserns Hailsznda RUAINY
M31l5u1lg9 . .
WAl W mAl) W)
mudenil 1 R1 3,230,484 22,752 48,883

v
Table 28 HANTAIY NPV mutaenn1sl5uilanaimvedeints Inedadiniaw PS Foam

ANNHUUY 16 U1 50 UN. (R])

o Ruaany | wailszvda | nszuaRuaagnd
" (U ) (umn) (Net Cash Flow)
0 | 48883 -48883
1 22752 22752
2 22752 22752
3 22752 22752
4 22752 22752
5 22752 22752
6 22752 22752
7 22752 22752
8 22752 22752
9 22752 22752
10 22752 22752
11 22752 22752
12 22752 22752
13 22752 22752
14 22752 22752
15 22752 22752
16 22752 22752
17 22752 22752
18 22752 22752
19 22752 22752
20 22752 22752
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@ a

yaa1fagiiugns (NPV) 400,238.96 U oasmanouununielu (IRR) Sooaz 46.52 nazil

9

= = A
FTYSINAUNU 2 1 1 1hoU

4
Table 29 Haf1 %918 1@onn15U5UL7anainvede1n1s Ingandynuau PS Foam 1113

WU 16 WU 75 Ui, (R2)

3 a'lwihweseins Halsznda Ruaanu
M31l5v1l3 . .
@Al @Al (VM)
NAoNT 2 R2 3,227,416 25,820 64,975

E4
Table 30 Wan15AIY NPV n@onn1s5uijanaimuedaints Tagandiniay PS Foam

ANNHUUY 16 WU 75 U3, (R2)

o Ruaay | walszuda | nszuaRuaagns
" (V) (un) (Net Cash Flow)
0 64975 -64975
1 25820 25820
2 25820 25820
3 25820 25820
4 25820 25820
5 25820 25820
6 25820 25820
7 25820 25820
8 25820 25820
9 25820 25820
10 25820 25820
11 25820 25820
12 25820 25820
13 25820 25820
14 25820 25820
15 25820 25820
16 25820 25820
17 25820 25820
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I2

Table 30 Han 151198 NPV muaenmsU5ui/janaimvedaints Tneaadanuay PS Foam

ANUWUIMUN 16 WU 75 WU, (R2) (F19)

18 25820 25820
19 25820 25820
20 25820 25820

o a

yamilagiiugns (NPV) 444,708.94 11 dasmanouununielu (IRR) Seeaz 39.69 nazd

= = A
JTYTINAUNU 2 1 5 1hou

v
J Y o @ a o
Table 31 Wﬁﬂ"l?ﬂﬁ]"lf]‘nN!ﬁ@ﬂﬂ?ﬁjiﬂﬂjﬂ’iﬁﬂﬂﬁlﬂﬂ@7ﬂ75 Tﬁf]@ﬂﬁﬂﬂu’)u PS Foam A1

WU 16 WU 100 WA, (R3)

5 A luihueserns Hailsznda RUAINY
M31l5u1l39 ! .
(WmAl) WAl (VM)
Mudenil 3 R3 3,225,524 27,712 81,066

v
Table 32 HaM3fMLIY NPV Mu@onmstlivygandinivedeints Iaedaginuay PS Foam

APUHUIUY 16 U 100 U3, (R3)

o Ruaany | wailszrda | nszuaRuaagns
" (VM) (V) (Net Cash Flow)
0 81066 -81066
1 27712 27712
2 27712 27712
3 27712 27712
4 27712 27712
5 27712 27712
6 27712 27712
7 27712 27712
8 27712 27712
9 27712 27712
10 27712 27712
11 27712 27712




I2

52

Table 32 HAN5A1LI8 NPV muaonmsU5uijandaimvedaints Tneaadanuiy PS Foam

ANUWUIMUN 16 WU 100 U, (R3) (18)

12 27712 27712
13 27712 27712
14 27712 27712
15 27712 27712
16 27712 27712
17 27712 27712
18 27712 27712
19 27712 27712
20 27712 27712

a

yamilagiiugns (NPV) 465,965.81 110 daswanouununielu (IRR) Sesaz 34.09 nazd

Q

= = A
JTYTINAUNU 2 1 9 1hou

Table 33 Wfsguiteunansysulgeluudaziasmamionnu@enimuz ay

AT RI R2 R3
arliihvesermsnaalsulss wmal) | 3230484 3,227,416 3,225,524
RUAINY (UN) 48,883 64,975 81,066
Hatlsznda (UMAl) 22,752 25,820 27,712
yan1fagiiugns NPV (111) 400,238.96 | 444,708.94 | 465,965.81
o INandUUNUMY U (IRR) 46.52 39.69 34.09
F2ezAAUNY (DPB) 2% 1imeu | 27 5i@ou | 27 91Apu
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o [ a g a 1 a ° <3
AMMNNITATUIUATININNITNU Iﬂi\iﬂ'ﬁﬁﬂzw%'l'iﬂ!']i]']ﬂﬁﬂ?iﬁﬂl%}biuaﬂﬂuﬁ'l ﬁu‘wmm

Q

9
naz ldwaneuunuge §IveduiimsidenuiasnisaaaenuiIununwiousiia PS Foam

[ Y dy @ a Y a ° Y
ANMURUIMUY 16 kg/m® U1 50 WY, TAnsziboarasnuan (R1) ms1zleRuaanudi 14

I3 9

' & = A A3 A @ A A Aa
AaneuUNU (IRR) g4NNUIATNITOU HAazUNITAUNU (DPB) NITINGA @ 11TUNADNDUNY

a

NPV nn i uadesasyugeninioudeunt Tdnanouumnulitsaoum

2 9 A P ' o A R P
wenIntazasaasuginialszuunasade uazszuulSuemenie ik 1unum

] o Y 9 [ = 9 = [
WIATIUNNIZUY e i ns lEwaenusinanaidnale Tastnan1sdsuilgaa

v v Y
wasmsnuaaaluasan 34, 35, 36 ag 37 aaid

Table 34 Waf15910m515u1/7anaen I LED voe1a15 L1

3 alhveseins Hailsznda RUaINU
M31l5v1/39 1 .
(WAl (Al 6TRED)
L1 2,404,228 849,008 1,223,065

Table 35 HamsaI NPV n15if5uilyanaea W LED voens L1

o Guamu | suldewnaeall | mavszuda | nszualuaagns
" (U ) (V) un) (Net Cash Flow)
0 1,223,065 -1223065
1 849008 849008
2 849008 849008
3 849008 849008
4 326,504 849008 522504
5 849008 849008
6 849008 849008
7 849008 849008
8 324,877 849008 524131
9 8,899 849008 840109
10 849008 849008




Table 35 KamsAuIa NPV m3d5uilgavaen IW LED vese1m13 L1 (Me)

11 849008 849008
12 323,258 849008 525750
13 849008 849008
14 849008 849008
15 849008 849008
16 321,646 849008 527362
17 846,956 849008 2052

18 849008 849008
19 849008 849008
20 320,043 849008 528965
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d‘ = 1R R 9 a 1 ] 1
NUYHE : 1UB3IINYaBa LED M@unhJiN 209 %mmﬂﬂﬂmaaﬂ‘lmmumqmmmemmaz

Usziam I8un LED Bulb, LED PAR wag LED Tube 01 3 1) 8 1 uag 16 1 awddu

a9 UnaonA LED Bulb yas1 328,140 U1 ionldsunaoaluilii 4, 8, 12, 16 taz 20

Avsfayan1lueuian 1ioavInviaen LED Hyan1gnas 9919gasn15A11u9a Present value

Mvualy i (5@51ﬂﬂﬂl°ﬁﬂﬁuﬂhﬂ) =0.125% annsasuda ldnnaums
7 4 ;P=F/(1+4i)"=328,140/(1 + 0.00125) * = 326,504 1N
7 8 ;P=F/(1+4i)"=328,140/ (1 + 0.00125) & =324,877 1N
7 12 ;P=F/(1+i)"=328,140/(1+ 0.00125) 12 = 323,258 110
7 16 ;P=F/(1+i)"=328,140/(1+ 0.00125) 16 = 321,646 11N
77 20 ;P=F/(1+i)"=328,140/ (1 + 0.00125) 2% = 320,043 11N

aaui/agurasa LED PAR yafi1 9,000 U Aayaa1 1uilin 9 uag 17 Agil

=

YN9;P=F/(1+i)"=9,000/(1+ 0.00125)°=28,899 YN
Yn17;P=F/(1+i)"=9,000/(1+0.00125) 17 =8,811 UM

[

] v 9
1/agunaea LED Tube yan 856,135 11 Aayan1 117 17 Al

YN 17;P=F/ (1 +1)"=856,135/(1 + 0.00125) 17 = 838,145 1N

o a

yamilagiugns (NPV) 13,105,901.95 11 daswaneuununielu (IRR) S0z 66.76 tiazd]

Q

= =S A
FTYSINAUNU 1 1 7 1eu



] Y1 o A o/
Table 36 HaA11¥919m31511/§unT091TU0IMAYENDINT Al

3 a'lwihweseins nalsznda Ruaanu
M31l5v1l39 . .
wmAl) wmAl) W)
Al 3,143,412 109,824 4,207,000

Table 37 HamsAIa NPV m3d5ui/yunseat/sueimavedeinis Al

5 Ruaany | walszvda | nszuaRuaagns
i (M) (V) (Net Cash Flow)
0 | 4,207,000 -4207000
1 109824 109824
2 109824 109824
3 109824 109824
4 109824 109824
5 109824 109824
6 109824 109824
7 109824 109824
8 109824 109824
9 109824 109824
10 109824 109824
11 109824 109824
12 109824 109824
13 109824 109824
14 109824 109824
15 109824 109824
16 109824 109824
17 109824 109824
18 109824 109824
19 109824 109824
20 109824 109824
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@ a

yamfagiiugns (NPV) -2,039,086.42 11 dasmaaauununielu (IRR) ooaz -5.52 uazi]

q

= = A
FTYSINAUNU 38 1 3 1hoU

§y a % J ] 4
WennsamasmMsmsdiulinseveins m RTTV Idiwnusd Tanummngauly
A 1 A A = [ a (Y 9
MIaaNUNINAgA WU Maaeni 1 UMsUivlgalagnisaanuiuiunINTeU PS Foam
Y
AMWAUUILUY 16 kg/m® 111 50 W, Tdnszidiorasnnay (R1) 92 14A1 RTTV 13.605 W/m?
4 { @ [ o Y { IS
e ldamadenimnzan lumsdsudsanamudninnswiuuasmsasuvaea iy

{ 4 [ [l Aa a Y1 4
LED (L1) uazgﬂﬁwm’%aaﬂ5°u'a1mmmmwﬂmuﬂizﬁmqua (A1) vz laaluaisnan 38

Y ]
Table 38 Wan1515u1§901nMITAAGIRUIY PS Foam, vaoa LED, 504150101 111

3 alihveseins wailszvida | Quaanu
M31l5v1/39 J| .
(WA WA (UMN)
RILIA1 2,288,264 964,972 5,478,948

Table 39 Wan15A1¥IM NPV 151501 39910015AAANR U IY PS Foam, Haoa LED,

inFear/sue el

o Suasnu | mdsunaea'll | natsenda | nszuaiiuaagni
k (U ) (un) (umn) (Net Cash Flow)
0 | 5478948 -5478948
1 964972 964972

2 964972 964972

3 964972 964972

4 326,504 964972 638468

5 964972 964972

6 964972 964972

7 964972 964972

8 324,877 964972 640095

9 8,899 964972 956073

10 964972 964972

11 964972 964972
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Table 39 Wan15A 143 NPV 151501399100 150AANR U IY PS Foam, naan LED,

inTevsuermalui (o)

12 323,258 964972 641714
13 964972 964972
14 964972 964972
15 964972 964972
16 321,646 964972 643326
17 846,956 964972 118016
18 964972 964972
19 964972 964972
20 320,043 964972 644929

d‘ = 128 S K Y a 1 [} [
HUWLHE : 1UDIINYIaDA LED ZJEHQVIJJ’L]\? 20 il %Qﬁ@ﬂﬂﬂﬂ?ﬂaﬂﬂﬁh’fMG]HJEHQGU’[’NWQU@]Lmag

Usgian 181n LED Bulb, LED PAR wag LED Tube 01g 3 1/ 8 1/ uag 16 1 awddu

p3U18A15199 39 RuaauizuAUYeIInTINsliyan 5,478,948 U vaannasnu i 1
= v I o a ~ =y 4
i Tdwanmsdsendan Il usautu 964,972 1 avhaasaoigIasanis 20 3 iilesain
I o o a o A A (= A =
11114 Nominal Interest Rate 39803 100ndekduadn 333119 1u3ln litinsnlasuraealyl 0
v = a A Y
Net Cash Flow 964,972 110 @9 un1saenuilasuvasa LED 11103910Hua1gn 13 15911 1y
1 489 12 16 17 waz20 Fediyamudaa 13 lua1519 %1195 Net Cash Flow anasluili 489
Y
12 16 17 42220 9101U11A1 Net Cash Flow Juugazi)und1uiaa NPV IRR uazDPB Taglds

£ 4
8031A0NUBRUAIN 0.125% UgATMMIAIUINAIL
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n c,
NPV = (21::1 (1+i)t) — 1

964,972 964,972 964,972 638,468
= (( o)+ ( =)+ 2+ 2
(1+0.00125)1"  (1+0.00125)2" (140.00125)3" (140.00125)
964,972 964,972 964,972 640,095
+( o)+ ( =)+ ( =) +( )
(1+0.00125)5"  (1+0.00125)6" (1+0.00125)7 (140.00125)
956,073 964,972 964,972 641,714
+( 5+ —) +( )+ =)
(1+0.00125)°" (1+0.00125) (1+0.00125) (1+0.00125)
964,972 964,972 964,972 643,326
+( T3) T T2 7o) H( o)
(1+0.00125) (1+0.00125) (1+0.00125) (1+0.00125)
118,016 964,972 964,972 644,929

+((1+0.00125)17) +((1+0.00125)18) +((1+0.00125)19) +((1+0.00125)20))

- 5,478,948 =16,618,083.45 - 5,478,948 = 11,139,135.45

o= (2, @)
o~ pmq (DT

964,972) (964,972) (964,972) (638,468) (964,972) (964,972)
+ == + + +
(1+i)1 (1+i0)2 (1+i)3 (1+0)* (1+i0)5 (1+i0)6

(964,972) (640,095) (956,073) (964,972) (964,972) (641,714)

+ + + + + +

(1+i)7 (1+i)8 (1+0)° 7 (1+i)19° "(1+i)11" “(1+i)12
964,972 964,972 964,972 643,326 118,016 964,972

ar aro® e o Caro?) G
964,972 644,929

v a0

5,478,948 = ((

[ =15.25%

DPB - I, + Aundeves Y7, C,
= 5,478,948 + ((964,972+964,972+964,972+638,468+964,972+964,972+964,972+640,095
+956,073+964,972+964,972+641,714+964,972+964,972+964,972+643,326+118,016
+964,972+964,972+644,929) + 20) = 6.5

yamaIiugns (NPV) 11,139,135.45 110 9a51Wanduunun1glu (IRR) fouaz 15.25

=S A =S A
UAZUIZYSINAUNU 6 1 51U
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ayUwamsditouazdorauaunny

5.1 ag1wanisdve

Y
MNAANITIVYNLIN mﬁmmamuﬂumm%’auwﬂ PS Foam AUUUIUUU 16 kg/m3
Y dy [ a =\ A Y a
U1 50 WU, lanseiloaraenaw (R1) ummmmzﬁﬂumaamummmgw REREA TSI

9 [

5 Y ' A = A Ad A
aNNUAN “lwwammmu (IRR) FINNNIATNITOU LASHNITAUNU (DPB) N43NgA 913U

q

A A Aa A ' VY A ' Y} 1= '
NINADNOUNY NPV NUInNnNIN Ll@ﬂ@qaqnuqqﬂ’J']!ﬂ’f)‘]Jﬁf]\infl'] Ulﬂwa@aﬂllﬂuulllﬂ\jﬁa\u‘ﬂ']

A Y A ~ [ o Y ) o ~
ma”lwmaaﬂmmmzau“lumsﬂiuﬂgwmmummmmumJ wasnsiaeu
I { 4 o [l a a
vaoa 1widlu LED (L1) uazgﬂﬁﬂum%qﬂiummmmmwﬂmuﬂizﬁmﬁquq (AD)
wanisasenuamsalszrdaailgaielunislanasarulidla 964,972 vInAal e

@ a

Anszianugua lumsamuaziiyasfaniugnd (NPV) 11,139,135.45 U linanouunu

aQ

9 = A a = A
INNITANNU (IRR) 080z 15.25 HAZHISHZIATAUNULVDAADR (DPB) 6 1 5 U

a3192'14A1 RTTV 13.605 W/m2, LPD 6.627 W/n?, EER 1041A30915U01m1919n1AT 04
VINNTT 3.22 W/W 12015 IFWAIIUIINUBI0IATS 572,066 kWhiyear i1 1riwan151l5u1lga
A Y 4 A A = o 9
215N IAHIUINUHV0INYNTZNTI WA, 2552 Tua1519% 40 nazienfseumonnuns 14
@ J o 1 { 7 o =
wavnuneumsliulieinisziinianasluaisrsi 41 wadsz Teainldvilde1ansil

aldrelumsldnasan i 2,288,264 v/l Fldkuainu 5,478,948 1w
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1% ~ % ~ [ o
Table 40 wamsu5ui/geermsii lanfseuiiounumnasiveangnsens N w.e. 2552

List an'ld NN Status
OTTV (W/m?) 34.102 <50 Passed
RTTV (W/m?) 13.605 <i5 Passed

LPD (W/m?) 6.627 <14 Passed
A A
nﬂlﬂiﬂﬂ nﬂlﬂi’ﬂﬂ
EER (W/W) Passed
>3.22 >3.22
Total Energy
572,066 <795.,465 Passed
(kWh/year)

[% % 1 4 o 4 (% U
Table 41 wamsU5ui/gaernsi la luudazinmal wieudieunvnis 1dwavauneuns

Usuilgeerms
List nou R %anad
OTTV (W/m?) 34.102 34.102 0
RTTV (W/m?) 19.433 13.605 30.00
LPD (W/m?) 14.461 6.627 54.17
Total Energy
813,300 572,066 29.66
(kWh/year)
X v,
TRNGELRE NNIATDI
EER (W/W) -
<3.22 >3.22
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5.2 ForauouuL

17 o w o < @
1) MsAnEUININIsUTul 01 dninan 9191581198015 0IAMTINAYNT TN
A Y < Y @ YR [ a Ax
e liiluemsdsendanasau lagnuuimemsdsulsunmiznsouoimsiauniina lu
Y Y Y
n13aafA1 RTTV Netididoanisantsuians 14naenusiunanuavede1n1sas a1

o o { 4 4 4 o
YSuilzelaonisaansedSunlasugnsainsesld liidiou o T ldwdsnuriesauasil
a a A d? 1 o =R 9 @ < 2 Y
UsgdnBnmungaliu @aunsaansiFuvestessueimanigamisonaalsuians 1y
[ Y v =R = 1 dyl o A Y 9 [
wasuas Iduiu SensanewuImamaiiisuiunsoueias e lims ldwdsanuueg

= A a A 2
@']ﬂ’]juﬂjgﬁﬂﬁﬂ'lwu']ﬂﬂqmu

2) Hoestinsdulgesz@nsamvesgilngal ez l¥ana Peak v3oA1nw

doamanaanu lihas dravildar Iiihanasdae

v Aq v ao Yy 1 v 1w ' & o
3) ﬂl@ﬂaﬂi‘b’ﬂluﬂ'ﬁﬂﬂﬂ ulﬂl.!ﬂ ﬂleu‘lamuﬁmﬂnﬁﬂ Llﬁgﬂ']!,ﬁ\i“l]ﬂﬁﬂﬁglﬂﬂﬂl‘l\iﬁﬁﬂﬂ']

QU

v 9 A [ ~Aq Y 4 o
RUIUNUANUTOU Wﬁ@ﬂllw LED uazin3edlsuoins 1]']fﬂ']ﬂﬁ']ﬂ'lﬂﬁ"l\iﬂclslfﬂluﬂﬂﬂﬂ']ﬁlﬂﬁ'clf

n3TN wazUsEnAranlaonse msvzihdeyall1do19vzdeeiinisansinvesiag uazausg

k4

Tuugagunnou
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Tatle: List of Material

Opagque Matenal (Defak) Transparent Matesal (Defauk)  Custom Material
Faof Material Wal and Floor Matenal  hulation |V 1.06

m@
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Building Energy Code
n-ﬁnr-‘um-lm
n-;vmwwn‘.mw
nmmnlmn
Office & School

Component of Section ' -

Table: List of Component of Section

U

| MewDda || SaveDatm

|| DecteDae | | Dupleate Data |

Opaque Component  Transparent Component

¥.1 Yoyasioazidenide

‘Materal Name ~ Themal Canductiviy (/m¥] Densty feg/m 3] ‘Spectic Heat kl/kgh)

[ 040 1500 15
2 nsadvsdimnsunda 0993 2400 073
3 | nendasgmiintudusas 016 120 188
T T T —, o202 1500 18
5 | nesdadlendiiudnaimanlng 0181 1700 188
6 neilsloudilusneatuy 0213 1340 188
7 nandasmiadinne 0341 930 083
& nendvadiimdloinsontuy 0441 2000 1
9 nenilsidmudluiusousdn 0384 1700 1
FL P N S— 0395 2000 1

‘ﬁuum Energy Code

&mswﬂowd’udw

mswms

(Cffice & School

31N v.2 drulsenevventia

o Wall/Roof Ot Surface Coor ngm Desciption i
y 1 [Ea wal |~ Vwitaa  |v
2 |t |t Wal | v |witdg |
3 | Eae | awoa1s Wel v |Sufscecfpalecdor v [unidilee v
4 | Edt | wsknsmia Wal | v |Suface of dak color v [wifidne v v
Table: Component Detals Table: List of Material
| NewDeta | | SaveData | | DeleteData | | Duplicate Data | Opaaue  Transparent
Veterel Name Trickpess ) e iy R
b1 (e @awanannnn) v 0015 ] 7 3 y 0039
2 |sundavdonnan 80sm. Biaay v 007 2 | awinluwdildsuasndssingmus Stay Cool V106 0038
2 S oo 3 [sldadudonson 3 106 [E}
4 whwaduion v SDun, v106 023
5 |mhadudon ur 74 2sm. v106 0208
6 suslandapdassanm wi 1/2 V106 0.118
7 suslanSandassaum w 3747 V106 on7
8 anlniadasssum i 17 V106 0108
9 vuslendapdasssum i 11727 vidé 0.12
10 | vuslandmudasssum i 2 v10§ 0124
11 smslandadalus w1727 V106 0076 ©
< >

- Spit Type & Window Type
. Packaged ArCocled Unt
- Packaged Water Cooled Unk
- Gentral ArCandtioning System
- PV System
PV Equipment
- Hot Vistes System
- Hat Water Equipment
£ Other
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Section of Wall

Building Energy Code
; g s

Table: Listof Section
v et N
| NewData || SaveData || DeleteData | | Dupicate Data
Ex el Wallod Do o T—
T TeTon e [Bffce & Schol
2 | Ede o1 Wal v [Borghk
5-Main Meru
REAS Wal |~ & Datebase
4 |Edt|os wal v Ewelope
- Materia
5 Edtjou Wal |~ -~ Component of Section
6 | Edt|02R Wal |~ Seationof Wal
7 et onR Wal | Vsl
— Lighting System
8 | Edt |04 Wal |~ 9 Lighting Equipment
AVC Syster
St Tyae & Wincow Type
Table: Section Detals - Packaged AirCooled Uit
Section lame [04-3 | Packaced WalerCooled Unt
Central Ar-Condiioning Sysem
NewDaa || SwveDaa || DekteDaa | | Duplcale Deta PU System
Component_name Area (m'2) et mi';"s:z:
P 1 v 181 ~ Hot Water Equiprent
2 [unt - 161 - Cther
- Other Enuipmert
3 fuskasa e 308 Buiding Model
4[5 v 324 Bulding Zone
[ 63 B Renot
- Ewelope System
- Ligting System
DX A Condtioring Liit
Cantral ArCondtionirg System
PV System
Hot Water System
- Whole Building Energy

31N v.3 MvazveavoINiiieIns

EulﬂmEnemndﬂe

Table: Lt of Wal
free vt S
NewDeia || SaveData || DebieData | | DupicateData |
Et Wallone Wi Pl et Descpton i —
SREET Wal |~ 10 % [Cice & Schoa
2 | Edt | Fiaaw wal v 130 %0 [Banghok
— £ Main Menu
R wal |~ 130 %0 " Detabase
T wal |~ 120 %0 & Envelope
= Maferal
EI Wal 130 %0
|| A ~Carpanent o Section
RE wal |~ 310 %0 Seciion of Wal
7 | Edi | FL2SE Wal |~ 310 %0 Wl
Cds maco NS 210 an 9 - Lighting System
* Aaimuth Ange: 0= South. 90 = West, 180 =Nortr, 270 = East ~ Lighting Equpment
A/C System
Splt Type & Window Type
Table: Wal Detals ek Ao Ut
Wall Name [FL2-NW Packaged Water Caoled Jrit
Certral A Conditoning System
| NewDaa || SaveData || DebteDada | | DuplicateData | PV Sysem
PV Equipment
~
f«iﬁ!’" Snading Corffciert %?IWI“ Hot Weter Systen
y1 oz v 0.372565 | Calculate SC _D‘SMWME’”D"‘“
2 (022 |v 0414127 | Caleulate 5C Other Equiprent
3 jo32 |+ 0414127 | Caleulate 5C 3 Buidng Model
- Buikling Zone
4 o2z v 0414127 | Caloulate SC ) Repot
5 032 |v 0414127 | Caleulate 5C Envelope Systen
g - Lightng System
6 o2z |~ 0414127 | Caoulate 5C DX AirCondioning Unit
7032 b2 0414127 | Caleulate SC Certral Air-Condtioning System
g otz |v 0414127 | Caleulate 5C ~PVSysem
v - Hot Weter Systen
Wiiole 3uiding Energy

d' = [ 1 9
3"]_]1/1 V.4 YATIDYANUILA DT AU
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Lighting Equipment ‘ﬁumgmmm

2E
Table: List of Lighting System
New Dat Save Dat Delete Dat Dat .
[ a | Sawebata | | eData | | DuplcateData | —
[prmsiwanms
Lminare Bectic Power Required (Watt) Descrption ~ —
» 1 & [Bangicok
2 126 5 Main Menu
B e - Datebase
Envelope:
4 42 Maierizl
5 | ulow 24 Corponent of Section
Seation of Wal
6 218w 48 W
FRESY 72 Lighting System
8 | 50 - Lighting Equipment
— ALC System
S |4 40| daean Splt Type & Window Type
10 | 32w 32| 2016 umen Packaged Air-Cooled Unit
11 [ow 1 Packaged Water Cooled Urit
- Central AirCondtioning System
12 13w 13 fassh PV System
13 |8 8| saash -+ PV Equipment
Het Weter System
14 | 226w 52 | 3600 umen Hot Water Equpment
15 150w 160 | Fasidsean 4 Other
16 | 26w 26 1800 bimen Other Equipment
=) Building Mode!
17 |LED 2X18 36 Buiding Zone
18 |LED 3%18 54 £ Repot
15 | LED 4x18 72 Envelope System
Lighting System
20 |LED 1X18 12315 DX AirConditioning Unit
21 |LED 2X3 18 Central Air-Conditioning System
- PV Syslem
2 |LED3X3 7 v Hat Water System
- Whale 3uiding Energy

1 2.5 doyavesszuy llihdesadng

Split Type & Window Type = I - ‘ﬁmwsmym

Table: List of Spit Type and Window Type i
et T
| Newlata || SaveDda || DelteData | | Dupicate Daia o
Code Cooling Capacty Unit Rated Power (W) Descrption ~ S
» 1 125 |kBtuh ~ 126 [ofice & Schoal
2 [1300810 13.03 |kBuh - 1147 [Bangeokc
- Main Menu
3 |165008TU 16.5 |kBiu/h ~ 242 et
4 [208408TU 20.64|kBruh v 189 Envelope
5 |192598TU 19.259 | kBu/h v 1.7568 Materal
- Companent of Section
& |25250ETU 25.25 kBiu/h . 2588 Cection of Well
7 |21108TU 2611 [kBruh - 22481 Wal
Lighting System
8 [280008TU 26 |kBwh 1986
e e Lighting Equipment
9 |0513ETU 30513 kBiw/h . 2628 AC Systen
10 {36000 BTU 36 |kBu/h v 3381
R 353 [kBtwh < 422 T Poctnnd Wee Cocled Urit
12 |36300 BTU 3¢ 353 |kBtwh v 2014 Central A Conditioning System
13 {36085 BTU 36,065 |kBru/h v 332 PV System
PV Equipmert
14 | 38,000 BTU 3P 38 |kBiu/h v 335 Hot Water System
15 37943 BTU 3P 37543 kBwh . 3543 - Hol Water Equipment
Other
16 | 36000 BTU 3P 36 |kBu/h 378
- - Othr Equpmert
17 25900 BTU 253 kBt ~ 2655 Buikding Mode!
18 | 38300 BTU 3P 383 |kBuwh . 2508 - Bulding Zene
Repor
19 40539 BTU 40533 [kBuwh - 34538 Erveope Sysem
20 13307 8TU 13,307 kBt ~ 1071 Lighting System
21 [483008TU 2P 49.3|kBruh v 4242 DX ArContioning Unit
Certral ArCondiioring System
22 | 120000 ETU 3P 120 KkBtw/h - 113 PV Syetem
23 |48.000 BTU 3P 48 |kBiu/h v 4602 v Hot Water System
Whole Buiing Erergy

A Y o !
Eﬂﬂ 9.6 Gll't’)iql‘a"llﬂ\iigllurﬂ51Jﬂ']ﬂ”|ﬁllllllllﬂﬂﬁ3u
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Other Equipment

Table: List of Cther Equipment
| MNewData || SaveData | | DeleteData | | Duplicate Data |
Equipment Electic Power Required (Wt Desorption -
» 1 |com u
2 |UFT1 73
3 [uFT2 728
4 |ARDATA 528
5 |AHUS51 2200
6 [AHUS2 1500
7 |Fcut 5%
8 |Fcu2 100
s [Fou3 7
10 [Fcu4 192
11 |Fous 20
2 |FuUs 253
13 [Fcu7 s
14 |UPS DATA 18718

9

1 9
Ui .7 doyaginsal llilhmisnuaveseins

=)

Zone

A -

Table: Listof Buiking Zone & e
e N
| NewData || SaveData || DecteData | | DuplcaieData | h
Edt  Zone Name Zore Floor Zore Area ("2 Description - x
y 1 [Ea | 1 102878 (=i
2 | edt |2 2 109715 EERR
— £ Main Menu
3 | edt |3 3 1068 68 etabase
4 | Ede [re 4 23071 Envelope
Material
5 | Edt |Fs B 995,16
= - Companznt of Section
& | edt |fs B 54361 Section of Wal
7 |[Ede |FLIN 1 436.96 Wal
Lighting System
8 |Edt AN 2 25892 N Unttrg Sauiomet
AC Syzem
- Splt Type & Window Type
Tatle: Comsanents in Bulding Zane ko At Coaio Ut
Zone Nare [FL1 Packaged Water Coolec Unit
-~ Gertral ArCandiioning System
| NewDaa || SaveDta || DcleData | | Duplicaic Data | PV Syt
Bterior Wall  Lighting Equipment DX A/C Unil Ceniral A’C Equipment _ Other Equipment PV Equpmert
Hot Water System
Wal Name  Section Name_Area (m"2) ~  Hat Water Equismert
» 1 e [vozr - 1 Other
» - Other Equpment
2 e 026 154 i Mo
2 e |03 v 26 - Buiding Zore
4 |FLINE v |o2s v 154 Teport
- Envelope System
5 |FL1SW v |025 v 308 Lighting Sysiem
5 [rLisw  |v|o27 - 14 DX ArCondtioning Ut
7 Fosw Tlom - P - Certral ArCanditioring System
PV System
g v [vow - 14y Hot Water System
- Whele Buidng Enerzy

g1 2.8 doyalundaz Tsuvooins
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OTTV (AL Zones ) 107 Wrn"2
Cate 0TIV wa'z  Building OTTV Status

OTTV (All Zones ) 34107 Wim"2

RTTV (A Zocs) whr2 -
Building RTTV Status
CokeTTY w2

Table: OTTV/RTTV by V/all Report
Selecta Wal

@ Wal | FL2ZNW -
O Fea [ROGEII

Total Wall OTTV/RTTV Report  DTTV/RTTV by Section Opaque Componentsin Wall  Transparent Components in Wall  Component Area per Wall

unconglrsinion s
MIENIIIWNI0 U

Project -
nmsiwanms
[Office & Schoal
Bangkok

Wall Name: Wall / Roof OTTV/RTTV WWR
F v Wall

=+ Main Menu
Database
Envelope
- Material
- Companent of Section
- Section of Wal
LWl
- Lightirg System
- Lighting Equipment
A/C System
- Splt Type & Viindow Type
- Packaged A-Cooled Linit
- Packaged WaterCooled Unt
. Certral AConditioning System
-PV System
L--PV Equipment
Hot Wiater System
£ Hot Water Equipment
-Other
... Other Equipmert
Buiding Mode!
- Buildirg Zone:
~ Repot

Lightirg System

- DX ArCandtioring Uit
Certrel ArConditiening System
PV System

- Hot Viater System

~Whole Bulding Ereray

319 4.9 erumamsmemanueurumiue naineIns

Table: Lighting Syslem Perfomance:

Total Power Wats

Tota B ea w2 Lighting System Status
omer Dy win'2
Comslancs win'2

Luminaire Repor. by Fleor  Luminaire 3eport by Zone

P Te—
wazonfmEa
MENSIIWEIIT

Report : Lighting System l- 2.0 "_‘r'ﬁmmm@
2E

Project -
messnms
(Ofice & Schodl

Bangkok

31U v.10 rsnumamIMIdeIaINgIgamay

Total Power Total Area Power Density
1 26,152.00 Watts 146574m"2 17.869 W/m"2
22 2281600 Watts 1,356.07m"2 16.899 W/m"2
33 22,488.00 Watts 1.36744m"2 16445 W/m"2
4 4 21516.00 Watts 1,37.15m"2 15.738 W/m"2
5 |5 28.554 00 Watts 1.356.94m"2 21072 W/m"2
6 |6 11.776.00 Watts 80.76m"2 14175 W2
7 |G 2.772.00 Watts 1634 W/m"2

- Main Menu

Database

- Envelope:

Material

Comporent of Section
-Section of Wall

Wal

£l Lighting Sysem

Lighting Equpment

- AKC System

-Splt Type & Window Type
Packaged ArCooled Unit
-Packaged Water-Cooled Jnit
Central Ar Condtioning System
EL- PV System

PV Equimert

EI- Hot Water Systen

-Hot Waler Exuipmert

- Other

-Other Equiprent

Buiding Mode!

Buking Zore

- Report

Envelope System

DX Air-Condtioring Unit
- Certral ArCondiioning System
PV System
Hot Water Systen
Whele Buidng Eneray
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’ Building Energy Code

Table: DX ArCondtioning Uni Repot: o
it 0N
AL Code ?;se Coolng Capaty Pomer Consumption Perfomance Compliance Status 2 Project
[msaums
[ SpltType | 1250 kBu/h (366 KWih) 126k 2505 COP 322 Faled
[Ofice & School
2 | 13.00BTU Split Type 13.03 kBtu/h (3.82 kWth) 115kW 331C0P 322 |Passed
[Bangbok ]
3 |16,500BTU Split Type 16.50 kBtu/h (4.83 kWth) 242K 1598 COP 122 |Failed =5 Main Menu
4 20840 BTU Split Type 20,64 kBtu/h (8.05 kWth) 189kW 3200COP 322 |Failed Database
5 [19259BTU  [SektTye | 1926kBu/h (564KWh) 176k 3212C0P 322 | Faled 8 E!‘V;‘;W ‘
|- Materia
6 [5B0BTU  |SoTye | 25.5KBu/h (740KWh) 260k 2848 COP 322 | Faled " Companert of Secton
7 [BNM0BTU  [SekType | 2611 KkBwh (765 kWh) 225k 3403 COP 322 Passed £ Section of Wal
8 [2600BTU  |SphType | 26.00kBwh (T62kWh) 199kN 20% COP 122 |Passed el
Lightirg System
9 [30513BTU  [SokTye | 3051 kB (B34 kWih) 263kN 3404COP 322 |Passed ?Lighting Equiprert
10 |36000BTU  |SpltType | 36.00kBu/h (1055 kW) 398KN 2650 COP 322 Faled - A/C System
5 - Splt Type & Window Type
11/3500BTU  |SpltType | 35.30kBu/h (1034 kW) 122k 2445COP 322 Faled ko i oo Lot
12 |35300 BTU 3P | Split Type 3530kBtu/h (10.34 kWth) 200kN 5138 COP 322 |Passed Packaged WaterCooled Unit
13 |36065BTU | Splt Type | 36.07kBru/h (1057 kWih) 332KM 3183 COP 122 | Falled o 555""3' AirCondiioning System
PV Sysem
14 |38,000 BTU 3P | Split Type 38.00kBtush (1113 kWth) 355kN 2815COP 3.22 |Failed 1PV Equipment
15 | WHIBTUP |SoltType | 37.94KkBuh (112K W) 354K 313 COP 322 |Faled - Hot Wiater System
16 | BWOBTUP |Spit Type | 36 00kBU/ (1055 kWih) 375k 2873C0P 122 Fated i o Water ot
17 [ 5900BTU St Type | 25.30KBwh (759KWAR) 266KkN 2850 COP 322 |Faled . Other Equipment
18 |1800BTUIP |Splt Type | 38.30kBu/ (122K WAk 251kl 4474COP 322 Passed 5 Bulking Meodel
Building Zor
19 409BTU  SpltType | 4054kBuvh (1188 KWk} 345KkN0 343 C0P 322 | Passed L Repm‘ g cone
20 [1307BTU  |SoktType | 1331 kBuwh (3S0KWih) 107k 3641 COP 322 | Passed Envelope System
21 [4930BTU3P |Splt Type | 49.30KkBruh (1445KWik) 424K 3405C0P 0|na - Lightirg System -
22 120000 BTU 37 | Spkt Type 120,00 kBru/h (35,16 kWth) 13kN 315 COP 0nia Cortr i Condiloning Syten
23 | 48,000 BTU 3P | Spit Type 48 00kBtu/h (14.06 kWth) 460kN 3.056 COP 0|n/a ~PV System
| Hot Water System
24 45,000 BTU 3P it Ty 4500 kBtush (1319 kWh) 435KN 3.007COP 0|n/ v
] Splt Type u/h ( ) ' Whole Buiding Erergy

71 ¥.11 enumammsszdudnenmaundsnnvesszuuliueimauuuend U

Report : Whole Building Energ » ' "'_ r Bulding Errey Code
Tasle: Whoe Buding Eneray Reoort @g g

s et N
Rulding Energy Consumpton 0476185 Kih/Year
Energy om PV System 0 kih/yesr BUilding Energy Code Compliance ammmum

Net Energy Coraumption (Evaluated Buing) 0476385 KWh/Year [OFice & School

et Eneray Consumption (Reference Buiding) 76798740 kWWh/Year Berrpcd
= Main Meny

Energyby Floor  Energy by Buiding Zone: Database
& Envelope
- Matesial
..Componert of Section
b 146574 2640 [T 00 0 2% 1787 361 010 ; m““"w“"
13507 61005 00 M 000 104 1690 847 010 - Lighting System
136744 555,80 (1] 113 0.00 118 16.44 326 010 Lghting Equipment

£ A/C Sytem
136715 51772 000 40.96 0.00 3 15.74 1819 010 L. Solt Type & Window Type
1.356.94 55020 4320 3769 n7 01 20 576 0.10 Packaged ArCocled Unt

830.76 360.03 766.34 4778 1452 143 14.18 526 010

- Packaged Water-Cooled Unit
Certral Ai-Condtioning System
1.6%.00 0.00 0 000 000 0 163 000 010 £ PV System
PV Equipment
- Hot Water System
.. Hot Water Equipment
=~ Other
Other Equipment
Building Model
- Building Zone
El-Report
- Envelope System
- Lighting System
DX Air-Condtioning Unit
- Central ArCondtioring System
PV System
Hot Water System
-~ Whole Building Energy

VEN

Floor Area Wal Area Roxf Area otV RTTV - o occu
Floor 2 2 ' Win™2) Wm'2) cop LPD (W/m"2) EPD (W/m"2) (Head/m*2) Vs

“ e o e W

oo o[ =W~

E

{ 9 @ g‘/
3'1]17] V.12 S1PNURAN T IFNAINUNIHUAVDID1AS
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M0 .1 Taquazansvediagnlslumslsuilyieas

q

. " . , 3101 (UIN) 4
MAu ERCGHIGR L o MUY : UPAINN
MIAg | A
IUAUANUS Y
I | PS Foam 16 AV, 2 1 UAY | 69.36 50 U3t Suadenlan
2 | PS Foam 16 AR.AVY. 3 112 UYL | 104.04 50 U3t Tuadenle
3 | PS Foam 16 AP.AU.Y. 412 UAY | 138.72 50 U3t Tuadenlan
viaea Wl LED
1| LED Tube 18 Ja¢ vaoa | 315 - UFH Philips
2 | LED Tube 9 3¢ ¥aea | 220 - U3H% Philips
LED Bulb High Lumen .o
3 oL naoa | 360 - UFHN Philips
14.5 306
4 | LED Bulb High Lumen 33 3ad | waoa | 1,100 - UIHN Philips
5 Essential LED Bulb 5 Jad GRIG 90 - VTN Philips
6 Essential LED Bulb 9 Jad GRIG 140 - VTN Philips
7 | Master LED PAR 20 J0d waoa | 1,000 - V31N Philips
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q

&1

anlslumsdsulgeeras (do)

. - . . 3191 (L1N) 4
MAu | 9waziveaddn N1 — : UHAINNN
A17a9 GRITER
Y
1A30915uIMA
e 4 23,000 ILTCERAL AL MY
1| 13,000 1y 1A , Y
(5UALI) Ay dninaulszina
o 4 30,600 ILTCERAL AL RNY
2 [20,000 Uy 1A309 , .
(FUAULT) ATNUN aninaulszunu
- i 36,000 TyrsmnnIgIu
3| 26,000 Uy 1A309 , .
(3UNULT) ATNUN aninaulszunu
. y 40,200 TyrsmnnIgIu
4 | 30,000 1y 1A304 . o
(3UAULTI) ATNUN aninaulszunu
o 4 42,300 ILTCERAL AL MY
5 | 32,000 Ny 17399 , Y
(3IUALI) AgnuAd dninaulssina
o /g 47,000 ILTCERAL AL RMY
6 | 36,000 1Ny 1A309 , Y
(571A39) AgnuA dninaulszina
o = 51,200 ILTCERAL AT RNY
7 | 40,000 1y GEGN , Y
(5IWALT) AgnuA dninaulszina
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