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CONSERVATION AND MOISTURE CONTROL FOR HISTORICAL BUILDINGS IN A
TROPICAL CLIMATE.. ADVISOR: ASST. PROF. ATCH SRESHTHAPUTRA, Ph.D., 155

Pp.

This study aims to recommend energy conservation guidelines and evaluate the
indoor air quality in the archaeological sites of 3 case studies that are still in use today - (1)
The National Gallery, currently used as museum, (2) OP Place, currently used as shopping
centre, and (3) The Ministry of Interior, currently used as offices. All case studies are air-
conditioned during the day. The research methodology consists of 2 main parts: (1) The
physical characteristic of the building is surveyed and the HOBO data logger is used tc
measure temperature and relative humidity and (2) the use of VisualDOE 4.1 to create a

guideline to increase energy efficiency and evaluate economic value analysis.

The result from this study indicates that the main problem is the humidity, which is
high despite the temperature being in the benchmark. Therefore, the humidity control must be
considered together with the method that increases the energy efficiency of the building. In
this study, the use of Portable/Compressor dehumidifier is recommended in 2 guidelines: (1)
only during the day, and (2) 24 hours. The technical analysis shows that all case studies
have similar results. To obtain the energy efficiency and economic value, it is suggested that
the buildings (1) add 2” and 3” thick of fiberglass insulation to the top floor ceiling and (2)
replace fluorescent and halogen lamp with LED tubes. Another option is to use water cooled
water chillers system which provides the most energy efficiency but the least economically.
The compressor dehumidifier will use more energy than the original cases by 5.24 — 16.64%
and 14.14 — 78.66% when turned on during the day and 24 hours respectively. However,

these two methods are not worth the investment.
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PV roofing

AINT 2.11 NITRMGY PV LLuuﬁULmeﬁwzﬁ“qm (Bellia et al., 2014)

Azl PV aeniilu 2 18n Ae wuuULAY uazuuunallduas iedssilunanuduuuiiy
wasliidse@vsn niandnuuuneilsauss Wesinmnduggfeunisld pv atianeldsuas
azdanalinigluanmsiiifoyinluzewesuainadaiull uasgaumningainanaulilds

188n9AnANRAN N3 1E PV wUUNUBEIFINTLNNIRARINILANRUIUAIINEAY (AR

a

3+4+3 W) NBVUANTUUBgaLas e wudnausalszndanasanuls 27.1% u

fg5eu uazdsanlsniunislaesfinaaiuenlaeanlafld 321 susel Iaa Santoli

v o a

(2015) TAaa U ANAN DN 1UNTU s L R UN AL SR UN UL RN B AN AT UNAIINUUDS

A1ATANNT A NAIATYN NI TRANanFI0999ANT The ltalian Association of Air

Conditioning and Heating (AICARR) A4n n# 2.12
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Energy modeling
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Ep’ Evaluation
post-operam

IMPROVEMENT
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INTERVENTION
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2. Anmiszinnaagszuudiuainianldnialuaiaisiaaazidaaivatin il

AL AN RN INIRLATadLEua N ARald FanInd 3.2

AR COOLED WATER CHILLER SCHEL

DESCRIPTION CHILLER UnNIT

N NG

QUANTITY (SET )

ODOLING  CAPACITY (TONS ) 100.0

CHILLED WATER FLOW (US.GPM ) 2400

CHILLED WATER ENTERNG TEMR (7F) 55.0

CHILLED WATER LEAVING TEMP (°F) 45.0

COOLING WORKING PRESSURE (PSIG ) 150.0

COOLNG FOULING FACTOR (°F/BTU/HR -FT) 0.00025

CONDENSER ENTERING AIR TEMP (“FDB/*FV/8 95/83

MAXIMUM POWER CONSUMPTION (KW/TON )

[ srasren moe
' POWER SUPPY  (V/0/Hz)

1.25

PART  WINDING

380/3/50
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Angariuanlaeanlas ATNTUANANS wazguunil CO,/HUMIDITY/TEMP. MONITOR

Model : MCH-383SD #an i 3.4

Temperature  Range:-20°C to 70°C (-4°C to 158°F)

Accuracy: $0.35°C (£0.63°F) @ 0°C to 50°C (32°F to 122°F)
° _HUBO I Resolution: 0.03°C @ 25°C
Drift: 0.1°C/Year (0.2°F/Year)

° HOBO a0t b Humidity Range: 5% to 95% RH
PRH Accuracy: £2.5% (10% to 90% RH)

e ———_— Resolution: 0.03% RH
Drift: <1% per year typical; RH Hysteresis 1%

AN 3.3 ’qﬂﬂmi U12 Temp/ RH/ Light/ External Data Logger (HOBO)

COZ‘ Carbon dioxide l I

Range 0 to 4,000 ppm
Resolution 1 ppm
(MM MCH-383SD Accuracy #+ 40 ppm * 1,000 ppm,
+ 5% of reading * > 1,000 ppm = 3,000 ppm.
= 250 ppm typically * > 3000 pom, reference aniy

Range 10 % to 90 % R.H.
Resolution 0.1 % R.H.
Accuracy =70% RH: = (4% reading + 1% RH).

<70%RH: £4%RH.

B ..o oo Range 0 °C t0 50 'C,32 F to 122 °F.
CO:/ Humidity / Temp. MONITOR Resolution 0.1 degree
Accuracy c-+087,
F-+15"F.

nNN 3.4 Qﬂﬂ?ﬂi CO,/ HUMIDITY/ TEMP. MONITOR Model : MCH-383SD
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Edit | Altenatives  Simulation Organizers Tools Help
Proiect | Blocks | FRooms | Facades | Systems |  Zones
Project Name [Hational galery Energy Anabst [pranyd
Address [Chao-Fah Road Bangkok
Dezcription [DEFAULT 51 UNIT TEMPLATE
Era Bult - Front Azimuth [275 degiees
T Cimate Zore [5ijas =] _Add SteElevaon [; m
® Holday 522 [\one K| Discourk Rlate [5 %
Noth Pect Lie Cycle [25 years
Eneigy Resoutces
HolMeters Uiy Rates
Electiciy [ | [oetautElec Rate =l
Fuel[hone
B § N =
Gioss Floor Ares 3962 Condtioned Floos Area: 3431
Window Area: 125 Skykght e 0

Show 30 View

Overall Window-WalRaba: 24%
Mo
MNon-Noth WwR: 2 7%

File | Edit | Alternatives Simulstion Organizers Tools Help

EREEEIE

Block: st 6m

Show 3D View |

Piect | Blocks | Rooms | Facades | Spstems | Zones

dire [exchuding Hloor multipler] - 434 m? Zone Totals*

PO 1210 wim?  [5577.4 wat
*  LighioSpace[100  (Fraction)
EFD 298 w/m?  [1a721; Watt
Oce. Densiy [4840  n/Person [10 pecple
Zome Tpe [Condtiored ~ v]
Occupancy |Cssel Art galleres -

Infilsstion [0 air-changes/hr
Skylight I~

Dayight Contro [Nore: -

Process Loads EdiDefaus | Apply Defaults
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5 @ Aufidsuanma Fulaidsuannma Aufisan dquilsuana
T (M5.4.) (9.44.) (m19.4.) (%)

1 2,550.00 557.00 3,107.00 82.07

2 702.00 180.00 882.00 79.59
EREY 3,252.00 737.00 3,989.00 81.52

= o . = e = .:4'
AT19R 4.3 apsdaununliuainiduasz lddfuenniAreseiansnItiAnen 2

5 o Fudilsuarna Fuitlailsuana Fufisan dquilSuannea
b (M5.3.) (m9.30.) (M5.30.) (%)

1 1,893.50 250.50 2,144.00 88.32

2 2,006.50 0.00 2,006.50 100.00

3 1,135.50 0.00 1,135.50 100.00

4 0.00 304.00 304.00 0.00
EREYl 5,035.50 554.50 5,590.00 90.08
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5 o Fuisuame FudilaidFuannma Fufisan dquilfuana
T (m5.4.) (m9.44.) (m19.4.) (%)

1 3,216.50 1,313.00 4,529.50 71.01

2 3,546.50 983.00 4,529.50 78.30
ERtYl 6,763.00 2,296.00 9,059.00 74.66
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naanlivh . . WA/ AU
- NARIU | NANU/
QAUIU AUIA > FAINNEUBN
neluanans giauaanlnih [ AU gon | Navne [ Wun
“aan “aan N a1Ag
Tax waan @na)| (wA) |(me/ms.a.)
palan i) (A/m9.3.)
i1
Toannadin {Anda 5 48 compact fluorescent 3 5 15 21 | 315 385 7.70 8.19
Trnfandedeiu MH 2 1 2 35 | 70
Tnannasu {Anda 5 48 compact fluorescent 3 5 15 21 | 315 560 13.33 13.82
TAnRnnTedesde MH 7 1 7 | 35 | 245
AnsneInnszsing {Au fluorescent2x28 2EB 30 2 60 38 |2,280] 2,955 39.40 39.89
Track light 3x75 (2M.) 3 3 9 75 675
ANINIINULUAZIUAN 1 |Track light 3x75 (1M.) 1 3 3 75 | 225 225 10.71 11.20
AnsngsuuLumzduan 2|Tau fluorescent2x28 2EB 42 2 84 38 [3,192] 4,092 26.40 26.89
Track light 3x75 (2M.) 4 3 12 75 900
Hasannuratnsdingn |Tanwman compact fluorescent 9 1 9 21 | 189 217 4.82 5.31
fluorescent Tu§] 1 1 1 28 | 28
ARINITNIINANE 1 {Au fluorescent2x28 2EB 16 2 32 38 |1,216] 1,216 13.08 13.56
Aaflsauais 1 {Aw fluorescent2x28 2EB 22 2, 44 38 |1,672| 2347 31.29 31.78
Track light 3x75 (2M.) 3 3 9 75 | 675
Anflsanads 2 Track light 3x75 (2M.) 8 3 24 75 |1,800| 1,800 15.65 16.14
#aedniingsdnis 1 TAuadiwanu compact fluorescent| 10 1 10 21 | 210 | 2,598 15.28 15.77
A fluorescent naawwan EB 26 1 26 38 | 988
TAndiaaina1u compact fluorescent 1 6 21 [ 126
Track light 12 1 12 75 900
flood light MH 2 1 2 250 | 500
#RIRATINTIANNT 2 Tandediwmnu compact fluorescent | 8 1 8 21 | 168 | 2,932 17.25 17.73
{Au fluorescent Naawwian EB 28 1 28 38 |1,064
Track light 16 1 16 75 [ 1,200
flood light MH 2 1 2 250 | 500
$#R9aATNTIANNT 3 TAndediwmnu compact fluorescent | 9 1 9 1 99 | 1,759 13.53 14.02
{Au fluorescent Naawwian EB 20 1 20 28 | 560
Track light 8 1 8 75 600
flood light MH 2 1 2 250 | 500
HRITATINTIANTT 4 TAndednwmu compact fluorescent | 10 1 10 21 | 210 | 2,750 14.47 14.96
{Au fluorescent Naawwan EB 30 1 30 38 |1,140
Track light 12 1 12 75 | 900
flood light MH 2 1 2 250 | 500
Ha9pTngIAnIg 5 {Au fluorescent2x28 2EB 32 2 64 38 [2,432] 2,432 18.01 18.50
#a9dniinsadnig 6 {An fluorescent2x28 2EB 28 2 56 38 |2,128| 2,128 17.02 17.51
faedniingadnig 7 A fluorescent2x28 2EB 26 2 52 38 |1,976] 1,976 20.80 21.29
#ia9dnlingadnIs 8 A fluorescent2x28 2EB 30 2 60 38 [2,280] 2,280 19.83 20.31
Haemntsvaes A fluorescent Na@MAN EB 26 1 26 | 38 | 988 | 5738 11.62 12.10
A fluorescent2x28 2EB 52 2 104 | 38 3,952
Tandlediwmnu compact fluorescent | 38 1 38 21 | 798
Tnannadin TANINANY compact fluorescent 10 1 10 21 | 210 210 3.23 3.72
AR AtNTIANIT 9 TANINAY compact fluorescent 48 1 48 21 11,008 2,148 11.31 11.79
{Ax fluorescent 2x28 2EB 15 2 30 38 1,140
HRIART A fluorescent 13 1 13 46 | 598 598 3.86 434
Tnannadin {ANINANY compact fluorescent 10 1 10 1 | 110 110 1.69 11.90
%89 MDB A fluorescent NaBIWAN EB 5 1 5 28 | 140 140 3.11 3.60
HaaAL1es 1 {Au fluorescent naawwan EB 3 1 3 28 | 84 84 1.40 1.89
HBIARY A fluorescent naawwan EB 6 1 6 28 | 168 168 2.24 2.73
Haafiuae 2 {Au fluorescent2x28 2EB 4 2 8 28 | 224 224 4.98 5.46
Haafiuaes 3 {Aw fluorescent2x28 2EB 1 2 2 28 | 56 56 1.87 2.35
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waanlndh . . NAINWRUA
ALY | WA/
- . AU | | AUNA P 4 sANNEUAN
neluanansg adanaaninih I AU g9 | IauNA Nun
NAaA waem| _ | o . |. . a1Ag
Tan | waea| _ _|@Gee)| (06) |(me/msa)
AalAx (CLal2)] (AIBB/75.4.)
Haafivang 4 TAuaewmnu compact fluorescent | 6 1 6 11 66 66 2.87 3.36
Haafuans 5 TAudaswanu compact fluorescent | 5 1 5 11 55 55 2.39 2.88
N9 1 TAndiaananis MH 1 2 2 70 | 140 140 4.00 4.49
MDB {ANIWANY compact fluorescent 2 1 2 11 22 22 0.92 1.40
Hdaufuveslsiile - - - - - - - -
Haain TAmwAnu compact fluorescent 9 1 9 5 45 144 3.43 3.91
TANwANL compact fluorescent 1 9 " 99
AU 2
Tagilln o 2 Tanta 12 18 compact fluorescent 1 12 12 11 | 132 | 402 11.17 11.65
Inaesnla 1 1 1 150 | 150
Amsnasnedszinel 1 |Tande 5 18 compact fluorescent 3 5 15 11 | 165 | 1,638 7.12 7.61
{Axta 9 98 compact fluorescent 1 9 9 1 99
TANNANY LED 3X9 42 3 126 9 1,134
amsnssunenlszinel 2 |Tan fluorescent2x28 2EB 9 2 18 | 28 | 504 | 1,059 16.81 17.30
{Auta 5 18 compact fluorescent 1 5 5 11 55
TANIWANL LED 3X9 10 3 30 9 | 270
ansngsunaUszngl 3 A fluorescent2x28 2EB 10 2 20 28 560 1,137 18.05 18.53
N {Anda 5 48 compact fluorescent 1 5 5 11 55
. TANIWANL LED 3X9 8 3 24 9 | 216
viaasealfuemA  [qyorescent 2 1 2 18 36
A1inau {ANIWANY compact fluorescent 42 1 42 11 | 462 | 2706 8.73 9.21
A fluorescent2x28 2EB 24 2 48 28 | 1,344
HFaafuang A fluorescent NaBIWMAN EB 12 1 12 28 | 336 456 2.53 3.02
ANLaRE 10.82 11.54
~ a v vL PPy = ~
A1719N 4.8 ﬁuﬁﬁ’NIﬁNLL@vﬁ@@ﬂ V\IV]I?N’]HJTWEIH’Bﬂ'ﬂqﬁ’]ﬁ‘ﬂ’i‘ﬂtlﬂﬂﬂ’m 1
MauanaiAg waanliih . .
R NAINUNINNA
diauaan i X U . AUNANADA 598 ..
duaulan . dUURAAA . " (ARRA)
waanfalaN (ARRA) (IR)
Tanias MH70 2 1 2 70 140 8,120
TANanENTmAL MH70 35 1 35 70 2,450
AN uplight MH2x70 7 2 14 70 980
TAngla MH70 20 1 20 70 1,400
TAnL&N compact fluorescent 21 1 21 50 1,050
TAnane MH150 14 1 14 150 2,100
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meluanans waanliwh . . . o
- WRINU | WRIW/ WRINW/NUN
adauaaninii AU mm? AU o sau | slnun R |sauneuanaans
Tan vaanne “aan vann @nd) | @nR) |@nsmsa.) (AnA/mT.N.)
ThAn (3mm)
PLREERIGIE 46 1 46 50 | 2300 3650 4.05 4.40
naeaRZiuy PL 94 1 94 9 846
Hu 1 daumaidunely 1880 R63 3 1 3 60 180
waanm fluorescent 10W 5 1 5 20 100
waam fluorescent 18W 8 1 8 28 224
AU 1 491 ME aan fluorescent 36W 22 1 22 46 | 1,012 | 1012 9.16 9.51
4 1 dau Loading 1aen fluorescent 36W 4 1 4 46 184 184 9.20 9.55
u 1 d9u Outdoor duntin |uraan fluorescent 36W 24 1 24 46 | 1,104 | 2816 19.03 19.38
naangnlalan 32 1 32 50 [ 1600
vaan fluorescent 18W 4 1 4 28 112
PLREERIGIE 63 1 63 50 | 3150 | 5523 5.36 5.71
MRRARREL PL 7W 22 1 22 7 154
MaAAzIAEL PL OW 162 1 162 9 | 1458
du 2 LED Candle Light 6 1 6 35 21
vaan fluorescent 10W 1 1 1 20 20
viaam fluorescent 18W 6 1 6 28 168
viaan fluorescent 36W 12 1 12 46 552
PLLEERGIE 79 1 79 50 | 3,950 | 10.721 944 9.79
waan Twiter 6 1 6 15 90
naaARzITEL PL OW 8 1 8 9 72
LED 10 1 10 6 60
LED Candle Light 162 1 162 3.5 567
& waanaLn 12 1 12 25 300
s waam fluorescent 10W 2 1 2 20 40
vaan fluorescent 18W 7 1 7 28 196
waam fluorescent 36W 29 1 29 46 1,334
naam fluorescent 2x28W 27 2 54 38 2,052
maanviagnlas 150W 4 1 4 150 | 600
NRRARATEL 20W 73 1 73 20 | 1,460
Fu 4 - - - - - - - - 2
AaRe 9.37 9.72
a a oo = P
M1919% 4.10 mumm\ﬂﬂu LACURR ﬁLL‘I/\IV]elﬂ]\‘I'Wuﬂ’]ﬂuﬂﬂﬂ’]ﬁ’]ﬁ‘ﬂ FOUANTIN 2
NlguanaIANg waanlnh . &
WRIUNINNA
afianaanlnih Fuulan|  uIUNABA  |AUIUNARDEA | TUIARADA 5% .
falan (3) (&) e
NAALAIAUNT 3 1 3 70 210 10,159
uaan compact fluorescent 45 1 45 15 675
LED 8 1 8 6 48
naanan 24 1 24 25 600
1aan fluorescent 18W 12 1 12 28 336
“aam fluorescent 36W 85 1 85 46 3,910
vaaA Sport light 1 1 1 500 500
vnanLusiaalad 150w 4 1 4 150 600
NADALAIGUNS LED 2 1 2 40 80
vnanLusiaanlas 400W 4 1 4 400 1,600
InfAe 8 1 8 5 40
Flood light 52 1 52 30 1,560
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v v v
Tunsiivdeyasrutuassshngdviueasiiuaiuisoivlfieedi 1

winilu Tnadssazduagluuuresnaalan atianesiasn W AU LATAITWAIINY

Tiaessruuuaslsshng Am19e9 4.11 way AN9199 4.12

AN9197 4.11 Tipalantasnaan NN lEaunialuanasnsmAne 3

meluanans . waanlwih wdau | ndew WA
e alavaanlviih $uau S AU e gou | NIMNA ud FINNILUANDIATT
(CERD) waanfa waan o . .. . o
Tan NaBR (31 nr) | (WA/MT.N.) (ARR/AT.N.)
Tau (AnR)
Aduiia
nesanstiine 1 100 |law fluorescent2x28 2EB 14 2 28 38 |1,064| 1.064 10.64 11.19
na.NeNaNIiNe 100 |law fluorescent2x28 2EB 5 2 10 38 380 380 3.80 435
nesanstiing 2 68 |lAw fluorescent2x28 2EB 9 2 18 38 | 684 684 10.06 10.61
Haslan 63 |Ta - - - - - - - -
ity 63 |lAw fluorescent2x28 2EB 12 2 24 38 | 912 912 14.48 15.03
nassnLszna 126 |law fluorescent2x28 2EB 20 2 40 38 |[1520] 1,520 12.06 12.61
naNaUAANI WA 63 |law fluorescent2x28 2EB 12 2 24 38 | 912 912 14.48 15.03
Ne.NBIAWLITNA 63 |aw downlight 1 1 1 20 220 884 14.03 14.58
A fluorescent1x18 2 1 2 28 56
{Au fluorescent2x28 2EB 8 2 16 38 608
nguIIURITaY 68  |law downlight 30 1 30 20 | 600 72 10.47 11.02
aw fluorescent1x18 4 1 4 28 | 112
Adnziuaan
naNUEIENsLANsENe 182 |lau fluorescent2x28 2EB 32 2 64 38 | 2432 2432 13.36 13.91
AuffIRMansznIeamane 202 |TAx downlight 43 1 43 20 | 860 | 2216 10.97 11.52
Tansefin 1 ¥ 5 20 | 100
Tanmnwils 2 1 2 20 40
{Ax fluorescent2x28 2EB 16 2 32 38 1,216
BENGITETN 85 |im - - - - - - - -
Haeringne 91 |lax downlight 20 1 20 20 | 400 540 5.93 6.48
Taumawils 7 1 7 20 | 140
Hasnd 28 |lax downlight 9 1 9 20 | 180 320 11.43 11.98
LG 7 1 7 20 | 140
s wialy ngueuan 254 |lAx fluorescent2x28 2EB 45 2 90 38 | 3420 3420 13.46 14.01
Hen9Ru Nesnas 254 |TAu fluorescent2x28 2EB 45 2 90 38 |[3420 3420 13.46 14.01
Aele
N, NBIARY 65  |lAw fluorescent2x28 2EB 6 2 12 38 | 456 456 7.02 757
{Aw fluorescent1x18 13 1 13 28 r 364
NN neeAdd 120  |lax fluorescent2x28 2EB 24 2 48 38 | 1824 1824 15.20 15.75
NANITUINURLERNINAS 60  |law fluorescent2x28 2EB 12 2 24 38 | 912 912 15.20 15.75
nauauadaRnsuaslszlimiinena 90  [lAx fluorescent2x28 2EB 15 2 30 38 | 1,140 1140 12.67 13.22
nauauLssqueea uazliagauana | 90 [law fluorescent2x28 2EB 20 2 40 38 [1520] 1520 16.89 17.44
nauaugIILAzszIu AR 65  [law fluorescent2x28 2EB 11 2 22 38 | 836 836 12.86 13.41
9. NAINAAMTNT 95  |law fluorescent nanandn EB| 26 1 26 38 | 988 988 10.40 10.95
ALLAN989TN 95  |law downlight 14 1 14 | 20 | 280 280 2.95 3.50
AARZIUAN
NeInNa 260  |lAw fluorescent2x28 2EB 60 2 120 | 38 |[4,5560| 4560 17.54 18.09
fineringng 30 [|TAw fluorescent2x28 2EB 12 2 24 38 | 912 | 1,024 34.13 3468
{Aw fluorescent2x18 2EB 4 1 4 28 r 12
#unan 30  |lAw fluorescent2x28 2EB 12 2 24 38 912 1,024 34.13 34.68
au fluorescent2x18 2EB 4 1 4 28 r 12
Anineuanstiine 260 |TAw fluorescent2x28 2EB 84 2 168 | 38 |6384| 6384 24.55 25.10
AaRe 13.93 14.48
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A9 4.12 TiaalaNLazaan N 1EuN18uanaIANINIIANEIN 3

aeluanans waaaluih NAIY
ddauannlnin ERUIEIN AUIAUADA 598 Vv
Fruaulan ANUIUNADA
waanAalAN (YmR) (nR) (AmR)
{Ax fluorescent1x18 2EB 33 2 66 28 1,848 5,386
{Ax fluorescent2x28 2EB 59 1 59 38 2,242
Tanszdin 1 36 36 11 396
A downlight 19 1 19 20 380
TANRAANIS 26 1 26 20 520
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F1979% 4.13 grinsnienmnsldeunialuaiansnsdifneni 1

aunsaiiazadldivia
. . . fasldia 399
6N finsal AU y y
(am1R) (am1R)
14 1
Tnanadin RN anaINATUIALAN 3 290 870
Tnanaiau NARNTARINL 2 180 360
AnInTINANILIRS RN aNaINATUIALEN 2 290 580
ARINITUULLAZIUAN 1 |WhaNTZLNaIaNA 2 23 46
ANTNITUULLAZIUAN 2 [1ATasnianenniATunm@n 3 290 870
[AINTINIINALE 1 RN NaINATUIALEN 1 290 290
#a9aptingsAnng 1 curtain air 1 81 196
#899pTNgIANNT 5 notebook 1 115 115
Vv
#a99pTingsAnng 8 curtain air 1 81 81
curtain air 2 81 162
HFasawniszasd computer 2 250 500
monitor 2 35 70
#a99pTingsAnng 9 notebook 2 115 230
TU 2
Tnafule dui 2 notebook 1 115 115
Aamsnssn gzl 1 [wireanenerniAtunaEn 3 290 870
Aansnssn gzl 2 [wireananennidtunaEn 1 290 290
e F7R9aNaNATUALAN 3 290 1,100
39N 6,745
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3

;13197 4.14 ginsnianmsnldeunigluaiasnstldnei 2

aunsaiasadldlinih

aslndn 598

a9 aunsel d1uIu . =,
(amm) (amR)

1 dau M&E ADNRAIADT 1 450 450
\iva AU DVD 1 180 180

fnevinan 1 100 100

Tnaviedl aa LCD 47" 1 120 120

EGRREDIGLE 3 35 105

monitor LCD 19" 2 35 70
u 3 e wissathile 1 1800 1,800
du 3 vanfwmde  |wiearhile 1 1800 1,800
EREY] 4,625
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dl s dl v = KR all
139N 4.15 Qﬂﬂﬁ‘ﬂ«l'ﬂﬂﬂﬁ?ﬂlﬁ\ifluﬂﬁ?ﬂu‘ﬂﬂﬂﬂ?ﬂﬁ‘ﬂéﬂmﬂ’m 3

UL

o A

[AMNAABNTTEN

v
s

o

N

3

1Auanng

. AU [duau| 919U [damauf9mu | drueu | Sou | dwuf mou| Sy | druau| 919 |dquau| W [dauou| 910U [dwau| SWOU [ duou | Swauinas | dueu
- Computer | 50| Monior | T | priter | 3061 | xerox | 50 | g | i | 1v | 306t | dnanks | 30 | o 30 |taason]| 3061 | sime | 594 | ssanmennn | o |
adlvivh (Tad)| 250 35 200 1080 140 120 100 700 800 60 25
Tiruiia
nasansting 1 10 | 2500 7 | 1400 [ 2 |2160 [ 1 140 | 2 | 240 1 2 50 | 6490
ue.Nesasiimea 2 500 2 400 1 120 1 25 | 1,045
nasanziime 2 5 1250 2 | 400 1| 120 1 1 25 | 1,795
Haslan
enaisialy 5 | 1250 2 | 400 1| 120 1,770
nasinlazna 14 3500 6 |1200 [ 1 |1080 | 1 140 | 1 | 120 2 200 1 700 1 800 1 2 50 | 7,790
nauuAanzFlszne 8 2000 3 600 1 120 1 25 | 2,745
we.nawilszme 2 500 2 400 1 120 1,020
neueFeg 8 2000 2 | 400 1| 120 1 700 3220
irnziuaan
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AN919N 4.20 AN OTTV WAz RTTV 48901ANTATIANEIN 1

- Q conduction |Q conduction | Q radiation
NeA a
Q conduction | Q conduction | Q radiation Qs | Rufinde+nszan | OTTV
(W) (W) (W) (W) (m?) (W / m?)
AzAUANLAaSLE
=
7,923.13 752.74 5,107.12 13,782.99 903.40
nziuaanidasls
9,355.08 1,144.54 7,956.43 18,456.04 1,141.10
AzAUANIRELRila
8,602.37 1,641.22 9,001.99 19,245.58 1,157.20
AzAURDNALRUL
6,934.78 336.27 1,917.41 9,188.46 889.90
32,815.36 3,874.76 23,982.96 60,673.07 4,091.60 14.83
Q 3urzjuction RTTV
HIVAIAT NUAIAT u NUNUAIAT Q conduction
. . Tdeq W/ m?)
) (W / (m2 - °C)) (m?) (W)
27° 0.444 4,268 24.6 46,616.803
L
5 (g
34° 0.91 245 25 5,5673.750
4,513 52,190.55 11.56
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- ANNTENEMANERUIINYRINIe (OTTV) = 28.29 W/m’

- ANNNTENEWMANNEAUIINTRINAIAN (RTTV) = 14.80 W/m®
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AN99N 4.21 AN OTTV Ay RTTV 484871ANINIANSIT 2

AIUNUIAY faunlIngzanlanun 6 uu. SANKIUNUINY Uaz FIUNUINTZAN

u Q conduction Q conduction Q radiation
G 8
Q conduction Q conduction Q radiation Q 994 ﬁvuﬁnﬁ'«na‘mn OTTV
(W) (W) (W) (W) (m?) (W/ m?)
il
L .
LRI NN AR RN NN
LA TP EEY I
.= [ | EuEFANEE
10,217.13 5,077.91 17,911.57 | 33,206.61 1,000.87
s
6,397.47 4,096.88 20,485.07 | 30,979.42 969.07
Azduaan
1LunEd
[ I B |
=
6,503.78 805.19 3,446.83 10,755.79 474.70
AZIUAN
3,229.88 783.59 3,601.56 7,615.03 474.00
26,348.25 10,763.57 45,445.04 | 82,556.86 2,918.63 28.29
Q :vor:iuctlon RTTV
BAURIAT HUURIA u WUNU[IAT Q conduction
5 2. " Tdeq (W/ m?)
©) (W7 (m? - °C)) (m?) (W)

T 1 T
—H ’—IJ 0° 1.357 1,624 12.4 25,644.043

40° 0.91 815 121 8,973.965

2,339 34,618.01 14.80
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Q conduction | Q radiation
NA a
Q conduction | Q conduction | Q radiation Q9 | Ruinde+nszan | OTTV
(W] (W) (W) W) (m?) (W / m?)
wila
R [
12,479.20 4,741.65 23,181.63 40,402.48 1,865.13
o
15,115.65 5,013.13 35,415.11 55,543.88 1,873.93
AzAuaAn
14,489.00 3,933.38 25,409.72 43,832.10 1,767.98
AZAUAN
. ”_”vkllllllll FUSEEREN ~ ]
= ! y  FEME ¢ P B
13,309.67 7,974.72 26,346.90 47,631.29 1,890.08
21,662.87 110,353.37 | 187,409.75 7,397.10 25.34
Q conduction
P = e _ RTTV
A9URIAT HYUUAIAT u ANUNURIAT Q conduction
. . Tdeq (W / m2)
) (W/ (m? - °C)) (m?) (W)
25° 0.91 5,366 16.2 79,105.572 14.74
T
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nsdiAnENT 2 : Total Electricity Energy (kWh/yr)
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32558 95,001 103,963 132,034 121,970 130,904 130,866 128,698 134,922 124,955 120,032 127,961 137,087
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a

WHUART 4.11 ulFauiauAinisldnvasnulninsusendngluadas e uazanang

#198931n 119109 VisualDOE 4.1 48481A13N9HANET 3

% ] a

HdnArun s linAuAeLnRn 4.12 Tnessuudiuainialdadaunis inasanu

]
=

NINTGARS 44.3% 78989N1ARITULELININIANAS 28.1 % FxuU N ILaIadne 19.6 % uay

Q
1

FTULAW) BNIIN 8 %

nﬂﬁﬁnmﬁ 3 : Total Electricity Energy (kKWh/yr)

WHUART 4.12 wapedngdounis inA39ua8991AINIANHIN 3 AINNI99a89

Tnadnaagiuewis 3 a1Ansnstldnen AIRN3199 4.23



76

AN9NN 4.23 ANNT ENANIUIINIBIRIANTNTRANEIN 1, 2 LAT 3

Detail case 1 case 2 case 3

Front Azimuth (24#) 228.00 168.00 83.00
AuitenAnssan (m2) 3,989.00 5,590.00 9,059.00
FufidoudlSuanne (m 3,252.00 5,035.50 6,763.00
Anluladiaus 81.52 90.08 74.66
Auindananun (m2) 3,676.47 2,436.46 7,250.00
Aufidautasila (m?) 125.00 441.00 696.00
A1 WWR (%) 3.40 18.10 9.60
Bill (2558)
Total Electricity Energy I 364},000-00 1 488,683
(KWh/yr) (AANUN I 70 %)
EUI (KWh/m? . yr) 103.28 246.45 164.33
Simulation

Total Electricity Energy
(KWh/yr)

420,881 1,183,935 1,482,315

EUI (kWh/m? . yr) 105.51 223.98 163.63
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muven muluy = -
R 2 ﬂgumyiumu 0.473 0.2500 0.529
R3 uay Fuuwinaunsng) 0.720 0.0250 0.035
030 Rin i auananfiamiadiiulu 0.120
R Total 0.762
U (W/(m?-°C)) 1.312
WUITAUNUN 46.5 3. K AHUUN R
a q Material
S aeis o (W/(m - °C)) (m.) (m?-°C) / W
Rout |[WAuenARRNTaRUuen 0.044
R 1 1wy ([@wuuinaamee) 0.720 0.0250 0.035
muuen mulu = -
R2  [|aguenyliany 0473 0.4150 0.877
R3  |Uueny @wusnganse) 0.720 0.0250 0.035
0. Rin  [fdueinefifianledinulu 0.120
R Total 1111
U (W/(m?-°C)) 0.900
WUITAUNUT 60 TN, K AHUUN R
q o Material
3 s g (W/(m - °C)) (m.) (m2-°C)/W
Rout [WduaImARRamlsfnuuan 0.044
R1 Yuany @wuiuaunsng) 0.720 0.0250 0.035
muven molu = -
R2  |aguenyliany 0473 0.5500 1.163
R3 uany @wuiuaumee) 0.720 0.0250 0.035
0.0 Rin  |[WauenanEmfafiiul 0.120
R Total 1.396
U (W/(m?-°C)) 0.716




a P o & P a
ANTINN 5.5 TIHUALLRUANUINUANANITNTIUANIN 3

1 1 WU 52, 40 X,

WUIRUNUN 52 TN,

K ATNWUN R
2 2 Material
S sag e (W/(m - °C)) (m.) (m2-°C) /W
Rout [Wduenan@amisinuuan - 0.044
R1 uanu @uiuaunang) 0.720 0.0250 0.035
muuen muly = -
R2  [dguenyliiay 0473 0.4700 0.994
R3 duay @Fuiuannsg) 0.720 0.0250 0.035
a8 Rin  [Wduenanfomidednulu - - 0.120
R Total 1.227
U (W/(m?-°C)) 0.815
WUIAUUUN 40 TN, K AHUUN R
g g Material
. q a.G
- ' (W/(m - °C)) (m.) (m?-°C)/W
Rout [W&ue meARRamlsfnuuan - - 0.044
R1 uany @wuiuaunsng) 0.720 0.0250 0.035
muuen melu S 5
R2  |aguenyliany 0473 0.3500 0.740
R3  [Yuenu @uwusiuasmang) 0.720 0.0250 0035
040 Rin  [Wdueineafifiamledinulu - 0.120
R Total 0.973
U (W/(m?-°C)) 1.027
g =
o o
T 2 HUNNUUUN 35, 25.5 9U.
WUIAUUU 35 TN, K AHUUN R
o & Material
§ .8 (W/ (m - °C)) (m.) (m? - °C) | W
Rout |[WAuanARRNTaRUuen - - 0.044
R1 uany ([@wuinaamse) 0.720 0.0250 0.035
muuen mul = -
R 2 ﬂgmmyimmu 0.473 0.3000 0.634
R3 Juany @uiuannsie) 0.720 0.0250 0.035
038 Rin  [fdueinefifiamledinulu - - 0.120
R Total 0.868
U (W/(m?-°C)) 1.152
WUIAUNUN 25.5 1. K AHUUN R
Material
ga8 (W/(m - °C)) (m.) (m?-°C) /W
b -
Rout [WduainARfaniiafinuuan - - 0.044
R1 Yuany @uiuaunsng) 0.720 0.0250 0.035
meuen melu . .
R 2 ﬂguﬂzyiuﬂﬁu 0.473 0.2050 0.433
R3 uany (Fuuiaunae) 0.720 0.0250 0.035
0255 Rin  |[WauanAnRawiiadnuly - 0.120
R Total 0.667
U (W/(m?-°C)) 1.500
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o 4
2. AUIUNUATTNINY

AINANTAN U QNN NABEI9I0 (2552) wudntladudAtysesauiuiu

v dl 1 1 U v 1 b % 1 1 b % U
AN UNAIHAfaN1TanANTauEingaasliun (1) AN1gBuNIuAIINEa Y
PIAAIN1TUI A NFAU (2) ANNNTATauTIAANNNEaY LAY (3) WAIRPUUAIN
(Thermal mass) tAaa31l91 1AIAN WIS waziUaIAITABRIALszNoLTRAEN

dl o v v o U o %3 dl a o/ v dl
A1AN9NANTUARS FERUIRAUANNTEY A1UTL IFRITHATRIRUIUAUAINNTA LN
wenliiueAnsiii efgyn eBANUMTIANG UaY 299911 LATHTUAT (2556) LhaTLl

A ¥ tdl P 49/ 1o a I ' ]
LLuqmqmiL@@ﬂslmmuwimwu@ﬂuﬂqummmmﬂmmmmﬂuumzmqmm

dll o I~3 a o Q/Q,j = o dl dl = v
WBIAINNI92N1INIANHLE RN AW I AUIL ABINANIUNINNGA TIMnRN9 L

Q
|

zﬂl % o 1 I v v A 1
uerasdiuainialuainansdiududaulvnjaisdauaulauioivaniiaspana
v Y 1 v v 1 s o [ :‘// = n’// d’/d A v
20Ul ld Wi un ssuAssuUUFuaNnNANINn fatiunisAneASatasaan g
auaulaufamaumunudu 16 kg/m® NANuun 189 way 2 in ARAILTI LI

v
AuluanAng

o o

3. annguian1ulu

WaliuAuFetesresniisfinuluaianznianaaannnisldeuiuiuaqna

v a o :/’ d”d v A oI/ g
201 TneudseaTelaen 1 uikddduueian NN 9 un.

[ % ]

dl o Y v o % A o o o o K
LN@MWQ@@WW\T“’]N’]ﬂﬁ‘tﬂ‘ﬂU lel’]ﬁ’JﬂﬂuvLﬁ‘Vl”I\‘]L@‘ﬂﬂ@’]ﬂﬁ‘ﬂﬂ’]ﬁ‘ﬂﬁ‘ﬂﬂg‘ﬂ NUNNUUBN

q
v 1
o o =

ANANINTRANTING 3 FIA1FNTN 5.6 LAZAIINN 5.7



F19797 5.6 W 9NsUlFuganilsiunesananInstidnmn 1, 2 uas 3

Material R (m?-°C)/W |U (W/(m?:°C))

nsaAnENT 1

pfaiuMUN 52.5 13, 1R4AN 1.238 0.808
e 52.5 9. 104y + aurnlaudianin 1 5 1.893 0.528
prfavun 52.5 7. 194t + aunulaudiauun 2 7o 2.551 0.392
pifaiuMWN 42,5 13, IR4AN 1.026 0.974
LN 42.5 93, 104y + aurnlaudianin 1 T 1.681 0.595
i 42.5 7. 199t + aunulaufiavin 2 T 2.339 0.427
paILMWN 32 T, 204LA 0.804 1.243
LN 32 . aeadin + auanlaufouun 17 1.459 0.685
LN 32 sl aeadn + auanlaufonun 2 T 2.117 0.472
e LMW 37.5 8. UR9LAL 0.921 1.086
Lifevun 37.5 . 199t + aunulaufauin 17 1.576 0.635
LN 37.5 1. 109y + auanlaufionn 2 i 2.234 0.448
bTaRLMWN 33 T, URALFN 0.825 1.212
LN 33 1. e + auanlaufonun 11 1.480 0.675
Lt 33 1. eadn + auanlaufouun 2 T 2.138 0.468
pRaILMWN 23 T, 299LA 0.614 1.629
LT 23 . eadn + auanlaufouun 13 1.269 0.788
LN 23 . aeadn + auanlaufonun 2 T 1.927 0.519

Material R(m2:°C)/W |U (W /(m?- °C))

nsdAnET 2

LU 11 3, IaaAN 0.360 2776
pvfavnn 11 . veada + aualaufionun 1 i 1.015 0.985
Bt 11 T, seadn + auanlaufianun 2 i 1.673 0.598
e TLWN 23 3. TN 0.614 1.629
Bviavin 23 T veadn + auaulaufionun 1 i 1.269 0.788
rouun 23 1. veedin + auandlewionun 2 1.927 0.519
piTafiLIviun 30 T3, B89N 0.762 1.312
Biavin 30 . veadn + auauloufianun 1 T 1.417 0.706
rieuin 30 13, veadin + auandlewionun 2 2.075 0.482
ALV 46.5 T4, 289LAN 1111 0.900
LN 46.5 1. 180AN + awarlawouun 17 1.766 0.566
e 46.5 93 TeAN + auanlaufiauun 2 i 2.424 0.413
fTaTLIMUN 60 3. BRAAN 1.396 0.716
LN 60 . 1aan + auanlaufianun 1 2.051 0.487
L 60 T, 1eadn + auanlewionun 2 2.709 0.369
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FN979% 5.7 wuannan9Uiutlpaenisniuaesenansnsti@dnmnd 1, 2 uaz 3 (si)

Material R(m2-°C)/W [U (W/(m?- °C))

ns@ANENT 3

Hilafinun 52 3. 209LHN 1.227 0.815
pifuun 52 1. a09@n + auarlawouun 1 fia 1.882 0.531
pifenun 52 1, 1eaiy + auanlautawn 2 Tia 2.540 0.394
NITSTILINUN 40 T3, TBUAN 0.973 1.027
pefain 40 . 18dn + auawlaudianun 19 1.628 0.614
pifuun 40 1. 70An + auanlawouun 2 fa 2.286 0.437
iUl 35 53, IR 0.868 1.152
BTN 35 1. 189F + auaulaudionun 1 Tia 1.523 0.657
pefain 35 s, 1eain + auaulaudonun 2 T 2.181 0.459
NlafiLIUN 25.5 B, 2091A 0.667 1.500
pifain 25.5 13, sa9da + awnlewtionn 1 1.322 0.756
Nefavn 25.5 1. se9iin + auanlawtiawn 2 7 1.980 0.505

512 JAANTALAIANSTRILEAY (Uszauazniimig)

ludqunisdiud pedaudeatlnii gana inana (2552) 1&nanali91nszan

o

' A F ¥ A P v ' ¥
Lﬂumumummmmmqmmamnmw FIANANNAITNTAUAINITN EJ’]‘LW]%QL?J'W@J

' o

PR 4 [ 1 [ :f// A ¥ = A dld
@WﬂW?1®W?ﬂN°]ﬂULL@Q@QWQ patilunnsiaanldnszanaspasiaannszannAAINIIT

1 2
% A o

F9@8Anuau (U-Value) lingaimansnilaangn usdruiunszanimiuuanainay

& = o

aNI0anENuANsaundinganansliinudn SefiealinniantFlunisaenliiuas

q
v

899NTANUE NN NN Easa 9N e luanAgFae sesiuluntsiaanldnszanang

AzfDaL9THUAANMIUNIZANITNINNNNTANAINTOUNLEN a1 AT LazAINITFLILAY

o

47198990077 IR AZIREALAATAIANTAIT
= &R dl
NIANTIN 1

o dl A aQa o rogj ! a) 09; 09;
Gluﬂﬂf‘gumnhmumma?l,ﬂuwwmmemummL‘]Jmmm@mmu 1A

du 2 WWuununseuliigninldnuineuisnun Aavaaustasuaailonnu

4 o

dszgiiiugninnazanlanun 6w, Usennnd 1 unusle 1 fesdnuand

| o

IngeAan19winiu daatlaldnszanlanun 6 Ny, N1 lHaA1TRAN ARIIEIL

YRINUNUTNAADNUNLTININNA (WWR) LiNEe 3.4 %ivinifi masiulu

= & ite |l = o a
miﬁﬂmm@u@ﬂuﬂmﬂ;\immﬂmmmmmm@
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= =
NIDANEIN 2
davilnaiasilugninnszanlanun 6 uu isuun uaziiaAn WWR

WNAU 18.1 % satiuAgAnEnNgaiuLuanienislfuldaaitlalagnis

3

iWaBuNszan wazaINNIIANEITaY AAAT Yoy (2555) DA Raaiy

Ly

a = o v Y o o
wuaAn uazngegluniseuindanidnanssnliagdlidn nasfnmigtuuy

' '
o =

1 v 1
annfpanssunnauanidu@andAyunngn Aiugtianszanidinasa

nalasunlasdanHizNIEuaNaN AT BNAfaLNNLTY NGNNITANALAL

¥ K A

nszanazfioulasasliiiuIiansun ilefansuAnantRudaanaen

1o

o E% al A Qid a Qo‘ = o
N32ANAUIUAUAIINTUR LALARA LA TNNANL T2 ANTNTUHTIARN (N7zAn

14 6 NN, LPAAL Low-E + AS 12 . lANA"Te15naw + nszanla 6 NN.)

v
e o A

TnafinuantRAs

4
a !

ANRNsTANBN1T0NEmMAIINERUIIN (U-Value) = 1.54 W/m? .°C

L3

- AndueAnann911919 (Shading coefficient : SC) = 0.61

- AN U AT e (Visible Light Transmittance : VT)
= 0.73

- AdusrRvE NIt menLEauanisdenfing (Solar Heat Gain

Coefficient : SHGC) = 0.53
P =
NICUANEN 3
wihsnasnlaasauanAisdu 1 ugninld Adesuasnszanlauun
6 NH.ANULUEIMNA duniinsnedis 2 Wuniisnegnitn1d desuasduuu

[ Y Y ¥ a 09; ¥ ] a A a =
Lﬂ@@lh\l mu‘wmmmmmmwmm\‘imuﬂqwLuﬂuqﬂﬁﬂm‘mnmn AMANTH

A1 BRTNEIULBINUANTIN AN WA TIINNA (WWR) LiNe 9.6 % vintii
o ug// =2 09; d”d 1o ‘dl o | a
patiulunisfnaisiiaslidivlgeneaiudeadiaenans

51.3 Japdiwauy

1. TAAUAIAUAZHNATY

v
o

a a 1 =
HINHURSIREUALAASATIATITANL

SUANEN 1

)

[ % [ %

Hdanuase 2 dszinm Aa



- Tazanasen 18 nesidasnaaANTwus dwanutilduuase
[ % & a a nI/ e
- YAIANMANTATRY (Metal sheet) Emautidduuase
o . 4
URLIDLUA FIRNFNTN 5.8

A = o 8 A
FANT1NN 5.8 TNUALLRLAURIATIRIANANTATUANTN 1

K AAUUY R
Material
(W/(m - °C)) (m.) (m?-°C) /W
> Rout [Wanamefifimisdnuuan - - 0.044
R1 nszleanaan s 0.395 0.0060 0.015
A Y
R2  |lnsandannldl - - 0.430
R3 1849198117 - - 0.458
R4 urinilduueia 9 uu. 0.282 0.0090 0.032
Rin  [Afuenmaiifamlsdnluy - - 0.120
R Total 1.099
U (W/(m?-°C)) 0.910
K AAUUD R
Material
(W/(m - °C)) (m.) (m? - °C) | W
Rout [fueinAnfamidiiuuen - - 0.044
/4/ R1 1189A1 metal sheet 47.600 0.0040 0.000084
A R2  |voud PE FOAM Bindsan 5 uu. 0.029 0.0050 0.350
R3 TAsanaIA1nan - - 0.350
R4 1849199107 - - 1.356
R5 utiugduuesn 9 uu. 0.282 0.0090 0.032
Rin  [Afuenianfamiediauly - - 0.120
R Total 2.251999
U (W/(m2-°C)) 0.444

o g =]
NSUANEN 2
Hdaanasen 2 dszinm Aa
- Tazanasen 18 nesllaauaanduus dweutildusase
- YAIANARUNIALATHIVAN B utilduuase
o . 4
URTIDLUA FIRNFNTN 5.9

A a o e A
FANT1NN 5.9 TNEALLRLANRIATYRIANANTNTUANTN 2

Matoril K AAUUD R
(W/(m - °C)) (m.) (m2-°C)/W
> Rout [Afuenaifamisfnuuen - - 0.044
R1 nezidleanaeA s 0.395 0.0060 0.015
> R2 TAsanasnn Tl - - 0.430
R3 1849199117 - - 0.458
R4 uringlduueda 9 . 0.282 0.0090 0.032
Rin  [lduenaitamleinuly - - 0.120
R Total 1.099
U (W/(m2-°C)) 0.910
Materia K AHUUN R
(W/(m -°C)) (m.) (m?-°C) /W
Rout [WauemiAfiRamTaduuen - - 0.044
R1 ABUMALEZIAN 1.442 0.1200 0.083
R2 184i1901A - - 0.458
R3 uriugiLfunein 9 uu 0.282 0.0090 0.032
Rin  [Wdua niafifomdadiouly - - 0.120
R Total 0.737
Uwieecey | 137 |




g a
NSUANEIN 3

[ % o

HiannaIAn

INAUElFNLasA TuazIaun AARNTI9N 5.10

. ~ o R A
A197NN 5.10 TUALRLAVNANAILRIRTIANTATIUANIN 3

Material

K

AMNUU

(W/(m - °C)) (m.) (m2-°C) /W

WananAnRamIadiuuen

0.044

<
5 R out
R1

nszidleanaaA L

0.395

0.0060

0.015

<
R2

TAsauaannlil

0.430

“
R3

1849199117

0.458

R4

uriuBLduuein 9 uu.

0.282

0.0090

0.032

Rin

AananiAnRomTaduly

0.120

2. AU

ANTRL

AINNIIANHITBY N FINIA (2556) NlFszydnaiansiildeulu

R Total

1.099

U (W/(m?-°C))

0.910

92

1 Uszinn Aa TasauaaAn 1l nevtiaanaaANTLdLe (N

narnansddudiuluninunzaniunislaniuiuainutaunnasnn

o o = o A=A 9 P ) 3 a
AQUUNITANE ATINALADN 1 UIULELAIAITHUL UL 16 kg/m” NAIN

Qg/ ng Qy dl LN ' Y v [ v A
YU 1 U, 2 U LAY 3 U9 LN‘ﬂu’]fJ@Qﬁl'\\‘]jN’]ﬂﬁ‘ZﬂﬂUL‘ﬂ’]ﬂQﬂﬂuLLﬂVﬂ\‘iL@@ﬂ

A1mFunslfulpenilanurese1a1In AN EIRNT 3 AIRN990 5,11 LAz

AN919N 5.12

F11979% 5.11 wwan9netFudaedninauaedenasnstiAnmni 1, 2 uaz 3

Material

R (m2-°C)/W

U (W/(m2-°C))

nsdiAnEn? 1
aapnls

B 10300 9 un
B Fu103amn 9 un
B Fu103amIn 9 uu
B Fun03amn 9 un
MAIAN LT ATN

B Fu105amn 9 un
B Fun03avn 9 un
B 030N 9 uu

flduuaianun 9 Ny

. UBSLAN
v Qyj
-+ auaulaufianun 1 19
v QD
-+ auanlaufionun 2 39

v Qyj
-+ auwnlaufionun 3 1a

RGN
v Qij
-+ auaulaufiauun 1 19
v Q;;
4+ auanlaufionun 2 39

v Qyj
-+ auulaufianu 3 ia




Material R(m?-°C)/W [U (W/(m?-°C))
nsmANENT 2
PIASaaltY
Bulduuenun 9 un. 1eaRN 1.099 0.910
Buldunnfamun 9 uu. + aualauiaun 1 7 1.757 0.569
Buldunnfaun 9 uu. + aualauiawn 2 T 2.415 0.414
Buldunnfaun 9 uu. + aualauiaun 3 T 3.073 0.325
IANAT ARA.
Bulduuenun 9 un. 109RN 0.439 2.277
Buldunnfaun 9 uu. + aualauiaun 1 7 1.097 0.912
Buldunnfauun 9 uu. + aualauiann 2 T 1.755 0.570
Buldunnfauun 9 uu. + aualeuiawn 3 T 2413 0.414
nseiANET 3
PSRl
Bulduuenun 9 un. 1eAN 1.099 0.910
Buldunnfaun 9 uu. + aualauiaun 1 7 1.757 0.569
Buldunnfaun 9 uu. + aualauiawn 2 T 2.415 0.414
Buldunnfaun 9 uu. + auawlauiown 3 T 3.073 0.325

93

F1979% 5.12 uwanan1sdiudgedmanuaesenaisnsiidnend 1, 2 uaz 3 (sia)

5.1.4 szuuudsdIneneluanmis

b2

Tuifaqiiuansallniuasadnsldgniwmun it d sy @nsnwnaau vanan
lalamilaguas (Light-emitting diode : LED) @nn1sndszudanasanulninlé
11NN vaeaNgeaLsaLTu W E NN A INAT 19w Y vaan LED X
a7¢N19 M uraaANE19WIuLe 50,000 Falug wazdrsaniBuininislaaafng

o =R ! LA 1% ¥ ' o 09: =2 :/I tJI
Asuaulpeanlafasgenansenusedwndantiaandn asiulunisdneaiaiingg

fudgeszuuuasadnanialuanasarliisnisidasunaan LED naunumnaan

' v
=2 o

WgooleaIuAANTINY 3 anAnsnstiAnm e Tuaqiiuduinuauunn &

= % ] =] o dgj
PUATIBLALWINIINITUTULPUAATEIANINTIURAN TN ASH
= =
NIDANEIN 1
- ulasuviaan LED 1u1e 20 306 naunuiaanngaaisacusing

311491 851 AR
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- ulasuviaen LED 1110 10 306 naunuiasangoaisalufing

019U 3 NAA
=K dl
NIANEIN 2
- ulasuviaan LED 1u1m 20 306 naunuiaanngaaisactusing

1191 230 1a8n

- watuwaen LED 1w1m 10 Sad NAWNUNADANGDALIALTUFLAN
11U 37 YADA

- ulasuvaan LED 11na 7 S5 naunumnaanan laiaiii

AU 157 UADA

- ulasuviaan LED 1u1a 5 9668 naununas angaaisalmusia

R71491 8 UADA
= R dl
NIUANEIN 3

- wasuvaan LED 11410 20 366 naununanangaaisdimusiax
AU 974 NABA
- wasuvaen LED 1110 10 366 naunumanangaaisaimusiax

AU 27 UARA

51.5 szuuldsuainamaluainis

v
o

~ ~ : = ~

HTEUATLALALLAASATANTNTOUAN AU
PP A

NIANTIN 1

AvsusruulfuannialuanansnsAnen? 1 duldenwlu 2 svu

)y

o

AR ULNUEIUT AL AN UAIEDINTA NIAINITNIAINNLEW 100

o ©

FUANUAY 2 LATRILA sz ULLanda Ul UL I UiaId AtinTsAN1992 AT

v
@ o

=2 09; d”d 1 [ o ] A
@Quusluﬂ’]ﬁ‘ﬂﬂ‘]:f’]ﬂ?\?u@\‘lLL‘]_Nﬂ’]?‘]Jﬁ“]_lﬂﬁ;\i??.ﬁ‘]_l'i_lﬂﬁ“i_l‘ﬂ’m’]ﬂﬂﬂﬂL‘ﬂu 2 A9UA2

1. F2ULUMLNEUIUATZUNE AN NIAURIL AN A
- N ANE NN LU LN UT AT LN AN NE LA AN A

- wlaguduszuunitinsiuniiassuna ANt UR 8 U AN A
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2. WWNAERINAIULTEANTNINNAINU (Energy efficiency ratio :

FER) 284LA30915Ua NN AL LI NEQ 1
= P
NINUANEIN 2

1Ha11lu 2 22UURARTZUUNUNLAWIDATZ UL AN NFAUABINA

o

ANRINIINIAINHNLEIU 179.36 AUAIUIY 1 LATAILAZANIAINITNIAIINLEIU
178.88 FUANUIU 1 LATEY LATITULLINAIULE I UN9N LA Taeilal] 2553
MHanmunstfulgessuudivennialasindss@nsnin lunisldnasnu
dl o o 091 [~3 a v v v
1a9tA3a9liuannialuss ULt LT iaf LN AN UA AN A T L0

v
o o

= & e e o M | o
muu"lumiﬁﬂmm@qumﬂmﬂ@q@xuuﬂ@ummﬁmuum 2 AVUNRNAR

1. wWasuszuuniunfiuntinssungandiaudaain Al us UL

NN UTNATZUNEAIINFALAEI 1N

2. WNNAERINAIULTEANTNINNANU (Energy efficiency ratio :

FER) 284LA79915U8 AL LI NEQ 1
~N= ~
NIUANEIN 3

lisruuuianaglaieanan AN89N1RIANIEUIINTI8IANS
Uszanns 465 AupMIfiu NsAnEIANHAsFUlesruudiuanialaenis

wagudussuuNIU I UINA TN AN FAUA L 1NN

d7UsaazidanrauuInieamsdiulgs

~ a , = o &

HTUALLALALLAASATANTNTOUAN I ANU
8 A

NIUANTIN 1

HaeaviaaaLuINIaNsUiulge AsR9199 5.13



F19797 5.13 agdunanienisdiuilaenasnstidnmi 1

96

4
asalsznauaimg

= o a S
Ltuqvn\iﬂ']'ilﬂﬂﬂuQ'ﬂ @!'ﬂ'] ﬂqiﬂ?maﬂﬂqw 1

PORGRGRE

T 1 LN 52.5, 42.5 LAY 32 T,

4 2 wilafiumn 37.5, 33 uay 23 T,

T 1 WP 52.5, 42.5 Ay 32 1.

1 2 uelafiumn 37.5, 33 Ay 23 1.

1 i 52.5, 42.5 uay 32 T,

4 2 welafiumn 37.5, 33 uay 23 T,

AN NATUTUUAIAN

=
LUININ 3

gilfuuada 9 uu.

gilfuuada 9 uu.

auuleufauun 3"

szuulWWIwaEINg

laqiiu

LU 1

FLUORESCENT (WATT)
el LED (WATT)

szuvuilsuaina
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F1979% 5.16 ANslEnaanulinsuusazuumialiulgsneseaisnsdidnmni 1

Total Electricity Energy | Energy Use Index : EUI
No. Alternative Lights Equip. Heating | Cooling | Tower Pumps Fans
(kWh - Year) (kWh/m? - Year)
- |Base Case 106,193 28,284 Al 240,851 0 2,707 42,775 420,881 105.51
1 [Wall fiberglass 1 inch 106,193 28,284 58 235,598 0 2,707 42,618 415,458 104.15
2 |Wall fiberglass 2 inch 106,193 28,284 48 232,254 0 2,707 41,301 410,787 102.98
3 [Ceiling fiberglass 1 inch| 106,193 28,284 64 210,786 0 2,707 32,899 380,933 95.50
4 |Ceiling fiberglass 2 inch| 106,193 28,284 64 205,027 0 2,707 31,343 373,618 93.66
5 |Ceiling fiberglass 3 inch| 106,193 28,284 64 202,433 0 2,707 30,709 370,390 92.85
6 |LED 75,701 28,284 80 230,543 0 2,707 41,061 378,376 94.85
7 |Spec split type 106,193 28,284 Al 226,698 0 2707 42,775 406,728 101.96
8 |Spec air cooled 106,193 28,284 Al 169,791 0 2,707 42,775 349,821 87.70
9 [New Water cooled 106,193 28,284 71 147,988 | 5,665 2,807 42,775 333,783 83.68
o < v 3
nealAn®# 1 waAaildr¥i : EUI (kWhim? - Year)
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Base Case  Wall fiberglass Wall fiberglass Ceiling Ceiling Ceiling LED Spec Spec New Water
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AN9197 5.17 8R31492ua9n AN a1l senean e (%) Tukaazuuanig

!
nsiuilpaedaiaanstlAney 1
Energy Saving from
No. Alternative
Base Case (%)

- |Base Case _

1 [Wall fiberglass 1 inch 1.29

2 |Wall fiberglass 2 inch 2.40

3 |Ceiling fiberglass 1 inch 9.49

4 |Ceiling fiberglass 2 inch 11.23

5 |Ceiling fiberglass 3 inch 12.00

6 |LED 10.10

7 |Spec split type 3.36

8 |Spec air cooled 16.88

9 [New Water cooled 20.69
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45

40

35

30

% SAVE FROM BASECASE (%)

25
20
15

11.23

9.49
10
5
2.40
1.29

0

Base Case Wall fiberglass Wall fiberglass Ceiling Ceiling

5 1" 2" fiberglass 1" fiberglass 2"

a

12.00
10.10
Ceiling LED
fiberglass 3"

20.69
16.88
3.36
Spec Spec New Water
split type air cooled cooled
OPTION

LEUNAT 5.2 wansdmsngdouaasnaduiiinnanunsodszudnld (%) Tuwsazuuanig

nsiuilpaedaaanslAneg 1



100

3. naufFenesrzIaAWU (Payback Period: PB) WAZALARALILNLAIN

NIAINU (Return on Investment: ROI) Tuwaazuanig

AlAaInn1981ae9d1ullsunsy VisualDOE 4.1 8MAIUIISERIZIIA ALY
(Payback Period: PB) WazAMNAABLLNUAINNNTAINU (ROI) Tunsazuuanie taganan ny
Miaeay 5.1 Unangasannluigdar lninasaresanansnstidnen liuasanisnen 5.18

WAZUNUNHRN 5.3

F19797 5.18 PB uaz ROI wiazuuanienisliulaaesannsnstiAnmni 1

Initial cost Saving Payback period ROI
No. Alternative
(baht) (baht) (Year) (%)
1 [Wall fiberglass 1 inch 717,865 27,657 25.96 3.85
2 |Wall fiberglass 2 inch 837,608 51,479 16.27 6.15
3 |Ceiling fiberglass 1 inch| 1,499,722 203,735 7.36 13.58
4 [Ceiling fiberglass 2 inch| 1,665,712 241,041 6.91 14.47
5 |Ceiling fiberglass 3 inch| 1,797,618 257,504 6.98 14.32
6 |[LED 853,400 216,776 3.94 254
7 |Spec split type 1,000,000 72,180 13.85 7.22
8 [Spec air cooled 1,291,730 362,406 3.56 28.06
9 [New Water cooled 8,000,000 444,200 18.01 5.55
nsd@iAnwn#t 1 waAailidn#ln - PAYBACK PERIOD (YEAR) & ROI (%) - ©--Payback period (Year)
~@~-ROI (%)
g 120 120 E_@
& ]
< o
o 110 110
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0 3.85 ROl (%), 6.15 . 9. ROI (%), 5.55 0
Base Case Wall Wall Ceiling Ceiling Ceiling LED Spec Spec New Water
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LU H9EAZIBEAAIANTINN 5.19 TNANTI99 5.20 UATUHUNNT 5.4 DTAUNu)RT 5.6

A Ay o ) o N A
197NN 5.19 N@VﬂmqqﬂLLuQVﬂQﬂqﬁ‘ﬂ?Uﬂ?\‘lﬁ\QNﬂum‘ﬂ\?@’]ﬂ’]?ﬂ?MﬂﬂHqW 1

Total Electricity Energy | Energy Use Index : EUI | Energy Saving from Initial cost Saving Payback period ROI
No. Alternative
(kWh - Year) (kWh/m? - Year) Base Case (%) (baht) (baht) (Year) (%)

1 Ceiling fiberglass 2" 373,618 93.66 11.23 1,665,712 241,041 6.91 14.47
2 |Ceiling fiberglass 3" 370,390 92.85 12.00 1,797,618 257,504 6.98 14.32
3 |[LED 378,376 94.85 10.10 853,400 216,776 3.94 254
4 |Spec split type 406,728 101.96 3.36 800,000 72,180 11.08 9.02
5 |Spec air cooled 349,821 87.70 16.88 1,291,730 362,406 3.56 28.06
6  [New Water cooled 333,783 83.68 20.69 8,000,000 444,200 18.01 5.55
7 |ClI2"+LED 331,946 83.22 21.13 2,519,112 453,569 5.55 18.01
8 |Cl 2"+Split 361,940 90.73 14.00 2,465,712 300,599 8.20 12.19
9 [CI2"+AC 346,312 86.82 17.72 2,957,442 380,302 7.78 12.86
10 [CI2"+WC 300,103 75.23 28.70 9,665,712 615,968 15.69 6.37
11 [CI 3"+LED 328,786 82.42 21.88 2,651,018 469,685 5.64 17.72
12 |Cl 3"+Split 358,848 89.96 14.74 2,597,618 316,368 8.21 12.18
13 [CI3"+AC 342,387 85.83 18.65 3,089,348 400,319 772 12.96
14 [CI 3"+WC 297,933 74.69 29.21 9,797,618 627,035 156.63 6.40
15 |LED+Split type 364,578 91.40 13.38 1,653,400 287,145 5.76 17.37
16 [LED+AC 309,763 77.65 26.40 2,145,130 566,702 3.79 26.42
17 |LED+WC 295,775 74.15 29.72 8,853,400 638,041 13.88 7.21
18  [Split type+AC 335,668 84.15 20.25 2,091,730 434,586 4.81 20.78
19 |Split type+WC 319,630 80.13 24.06 8,800,000 516,380 17.04 5.87
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F1979% 5.20 AR lFainuuanienisliulgssaniuaesannisnstldneni 1 (sa)

Total Electricity Energy | Energy Use Index : EUI | Energy Saving from Initial cost Saving Payback period ROI
No. Alternative
(kWh - Year) (kWh/m? - Year) Base Case (%) (baht) (baht) (Year) (%)

20 (Cl 2"+LED+Split 320,609 80.37 23.82 3,319,112 511,387 6.49 15.41
21 |Cl 2'+LED+AC 270,990 67.93 35.61 3,810,842 764,444 4.99 20.06
22 |Cl 2"+LED+WC 262,517 65.81 37.63 10,519,112 807,656 13.02 7.68
23 [Cl 3"+LED+Split 317,587 79.62 24.54 3,451,018 526,799 6.55 156.27
24 |Cl 3"+LED+AC 268,319 67.26 36.25 3,942,748 778,066 5.07 19.73
25 |Cl 3"+LED+WC 260,383 65.28 38.13 10,651,018 818,540 13.01 7.69
26 |LED+Split type+AC 295,964 74.20 29.68 2,945,130 637,077 462 21.63
27 |LED+Split type+WC 281,977 70.69 33.00 9,653,400 708,410 13.63 7.34
28 |Cl 2'+LED+Split+AC 259,654 65.09 38.31 4,610,842 822,258 5.61 17.83
29 |Cl 2"+LED+Split+WC 251,181 62.97 40.32 11,319,112 865,470 13.08 7.65
30 [Cl 3"+LED+Split+AC 257,120 64.46 38.91 4,742,748 835,181 5.68 17.61
31 |Cl 3"+LED+Split+WC 249,183 62.47 40.79 11,451,018 875,660 13.08 7.65

- - v
nsmiAns# 1 waAailidndih : EUI (kWhim? - Year)

Energy Use Index : EUI (kWh/m? - Year)
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anmaifaudfisuAmaenulninsuuas sasdausensnuliinfiarunss
Useudialh warszazinaInIsAUnUsINiy wudruuanefifidszansaanlunsdsenda
nEsLuazAu AN sasuAe UM 21 nsldauaulaufianun 2 fuufdinaudu
wiam + maazuldaen LED NAUNUNARANYDDLIRLTUALAN + sz Avzan i
svuuUSuenARe sz insrunuAaateudage A aransaUssudanaany
anial 35.61 % wasdlszazinanisiuuatli 4.99 T wnuwasuduaunlawtawn 3
foluuuamnedt 24 azanansndszudandeenlfiiaiu 0.64 % usfiszazinainisaunud
uuan 0.08 I emsizaiunniindss@ngnmlfuiszuudiue nAuuuuanaauly
Thantiesdaiingsanisfansianiuiuamied 28 waz 30 azfltszaniamlunisszuda
NEWTUANTUEN 2.7 % uaz 2.66 % AINAIAL WARszHZNAINTALUTE I TAE

5.61 1 uay 5.68 1

52.2 @1AISNTUANEIN 2
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THnansliuilgelasuenauiinde Aol

1. MauBaunauAIN1T MNATIUIINIBIBIAT (kWh/m2.V) Tuusaziang

a

IHnan1915ul9A3m19799 5.21 LaTWHURN 5.7

;119199 5.21 Angldnaseuliisanusiaziunigliulsnesanaisnstidnmmi 2

Total Electricity Energy | Energy Use Index : EUI
No. Alternative Lights Equip. Heating | Cooling Tower Pumps Fans
(kWh - Year) (kWh/m? - Year)

- |Base Case 250,979 58,770 305 651,927 0 4,107 167,227 1,133,315 202.74

1 |Wall fiberglass 1 inch 250,979 58,770 222 650,709 0 4,107 170,009 1,134,796 203.00

2 |Wall fiberglass 2 inch 250,979 58,770 205 650,273 0 4,107 168,704 1,133,038 202.69

3 |Lowe 250,979 58,770 238 649,974 0 4,107 148,970 1,113,038 199.11

4 |Ceiling fiberglass 1 inch| 250,979 58,770 304 649,868 0 4,107 147,381 1,111,409 198.82

5 |Ceiling fiberglass 2 inch| 250,979 58,770 277 649,012 0 4,107 140,097 1,103,242 197.36

6 |Ceiling fiberglass 3 inch| 250,979 58,770 277 648,813 0 4,107 138,722 1,101,668 197.08

7 |LED 191,267 58,770 327 650,792 0 4,107 163,992 1,069,255 191.28

8 |Spec split type 250,979 58,770 305 649,840 0 4,107 167,227 1,131,228 202.37

9 [New Water cooled 250,979 58,770 305 478,173 | 18,123 4,107 167,227 977,684 174.90




105

nesdiAne 7 2 Ta.W.inad : EUI (kWh/m? - Year)
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AN3NT 5.22 SRIEUIaINAW NN AguN s usTalE (%)

TuwsazuuanelFuilaesaiarsnstlAnmy 2

Energy Saving from
No. Alternative
Base Case (%)
Base Case _

1 |Wall fiberglass 1 inch -0.13

2 |Wall fiberglass 2 inch 0.02

3 |Lowe 1.79

4 |Ceiling fiberglass 1 inch 1.93

5 |Ceiling fiberglass 2 inch 2.65

6 |Ceiling fiberglass 3 inch 2.79

7 |LED 5.65

8 |Spec split type 0.18

9 |New Water cooled 13.73
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WHUNHN 5.8 uansdmIduzeInasuininiatsnsnlseudnld (%)

TuwsazuuamlFuilaeeiarsnstldnei 2

3. nMaufeeiensyaznaAWNU (Payback Period: PB) WAYANNARALIUNY

R7INN19899_(Return on Investment: ROI) Tuupfaziiuamnig

tArnlAaInnsanaeeinullsunsy VisualDOE 4.1 NIATUIMIZEEIANAUNL

(Payback Period: PB) WazAMNAABLLNUAINNNTAINU (ROI) Tunsaziuanie tagfnan lny

wineay 4.43 unaneasannlutaiasn lwnasaresanA1snsmAane TANARIA19197 5.23

WAz LHUNAT 5.9

AN319% 5.23 PB waz ROI wiazuuan1enisuiuilgenasannnsnstldnsni 2

Initial cost Saving Payback period ROI
No. Alternative

(baht) (baht) (Year) (%)

1 |Wall fiberglass 1 inch 403,509 -6,561 -61.50 -1.63
2 |Wall fiberglass 2 inch 470,815 1,227 383.68 0.26
3 |[Lowe 4,272,232 89,827 47.56 2.10
4 |Ceiling fiberglass 1 inch 998,322 97,044 10.29 9.72
5 [Celiling fiberglass 2 inch| 1,108,817 133,223 8.32 12.01
6 |Ceiling fiberglass 3 inch| 1,196,623 140,196 8.54 11.72
7 |LED 264,400 283,786 0.93 107.33
8 [Spec split type 200,000 9,245 21.63 4.62
9 |New Water cooled 14,400,000 689,445 20.89 4.79
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21.63 T Faumnsingsainniaulasusyuulfuenadussunvininfdusiaszunaanuteu
Fnetinfiszazinain1sAuLi 20.89 Tusaiunsnlszndandseulinanis 13.73% Ay
Tun1sRanTuILWIN19N13U UL N s @B NN AUAAALLININT 1, 2, 3, 4 uaz 8

A dld a a o dl o a 1 o 14
28N AILUABUUININTHUFTAVBNINAI UL 4 uuan e IatNIRasundaniuazlfiug
N19N19U 50 999NAWAMINA 11 WWINIG AIBAZIBUAAIANTINN 5.24 LAZUNUANT 5.10
DUNWRTN 5.12

FN9199 5.24 KA lFanuuIniansliulgedaniuaesananansiidnmni 2

Total Electricity Energy | Energy Use Index : EUI | Energy Saving from Initial cost Saving Payback period ROI
No. Alternative
(kWh - Year) (KWh/m? - Year) Base Case (%) (baht) (baht) (Year) (%)
1 |Ceiling fiberglass 2" 1,103,242 197.36 2.65 1,108,817 133,223 8.32 12.01
2 |Ceiling fiberglass 3" 1,101,668 197.08 2.79 1,196,623 140,196 8.54 1.72
3 |LED 1,069,255 191.28 5.65 264,400 283,786 0.93 107.33
4 |New Water cooled 977,684 174.90 13.73 14,400,000 689,445 20.89 4.79
5 |Cl2+LED 1,038,946 185.86 8.33 1,373,217 418,055 3.28 30.44
6 |Cl2+WC 948,533 169.68 16.30 15,508,817 818,584 18.95 5.28
7 |ClI 3"+LED 1,037,362 185.57 8.47 1,461,023 425,072 3.44 29.09
8 |CI3+WC 947,022 169.41 16.44 15,596,623 825,278 18.90 529
9 |LED+WC 913,977 163.50 19.35 14,664,400 971,667 15.09 6.63
10 [Cl 2"+LED+WC 884,702 158.27 21.94 15,773,217 1,101,356 14.32 6.98
11 |Cl 3"+LED+WC 883,197 158.00 22.07 15,861,023 1,108,023 14.31 6.99

- - -
naiAn®T 2 Ta.W.LWad : EUI (KWh/m? - Year)
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200 191.28
190 185.86 185.57

174.90
180 169.68 169.41
170 163.50
158.27 158.00

150
140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

Energy Use Index : EUI (kWh/m? - Year)
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anmsfausuAIwAIUINA 9uLas SR @ uTaandsuliinNaun s
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WAL ULAZANAIFIBNNIRIYUABLUINIGT 5 N9 ldauaulaufionun 2 Tanndanialy +
nsulasuliviaan LED naununaanngaasaausiang a1unsnlseudanasanuaininu s
8.33 % uazdszazinainisauue 3.28 U frvnninaruuuiauuiiy 3 Saluluwimig
7 7 azansndszudandseuainiauls 8.47 % uaziszeziiainishunuen 3.44 1
o o dl o o 09-/ < a v % 09} v
dAuFunisidasussuudiuennimduszuuiisduainssunaaaindeusioatii uliay
o o % 1A A tzll o 1 tzll

ansnlsendanasaulininusAfisrazinain1sAununeNauIL ALEULLINIGT 10 Uag
11 azdise@nsnmlunisdssudanaaanuwindu 21.94% uay 22.07% puaay Tuaei

HezezinanIAWLiEuIBIuNdLANAe 14.32 T uar 14.31 1

52.3 @IANSNSIANEN 3
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k4 o

¥ o o =
Mnanisilfutlplasusnauiadiefall

1. P9 BeunauAINg M NAIUIINRIR1ANT (KWh/m’.y) TuuFaziiunnig

THnan1915u139A9n1979% 5.25 UaY WHUNRT 5.13

F1979% 5.25 AN ldEnasnuliinsanusiazuianedFuil jaaesenasnstidnegni 3

Total Electricity Energy | Energy Use Index : EUI
No. Alternative Lights Equip. Heating | Cooling | Tower Pumps Fans
(kWh - Year) (kWh/m? - Year)

- |Base Case 291,153 | 417,080 210 656,663 0 0 117,209 1,482,315 163.63

1 |Wall fiberglass 1 inch 291,153 | 417,080 226 655,965 0 0 118,386 1,482,810 163.68

2 |Wall fiberglass 2 inch 291,153 | 417,080 208 627,990 0 0 106,500 1,442,931 159.28

3 |Ceiling fiberglass 1 inch| 291,153 | 417,080 215 623,632 0 0 104,077 1,436,157 158.53

4 |Ceiling fiberglass 2 inch| 291,153 | 417,080 221 616,838 0 0 102,006 1,427,298 157.56

5 |Ceiling fiberglass 3 inch| 291,153 | 417,080 223 613,870 0 0 101,167 1,423,493 157.14

6 |LED 167,275 | 417,080 176 616,134 0 0 112,021 1,312,686 144.90

7 |New Water cooled 291,153 | 417,080 16 267,598 | 22,302 | 12,597 | 110,741 1,121,487 123.80
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nadiAnET 3 nsznsasmmalng : EUI (KWhim? - Year)

163.63 163.68
159.28 158.53 157.56 157.14
144.90
123.80
Base Case Wall fiberglass 1" Wall fiberglass 2" Ceiling Ceiling Ceiling LED New Water cooled
fiberglass 1" fiberglass 2" fiberglass 3" OPTION

71 5.13 waseAnIslinaaulinsuusazuuaniediulgsresenasnstidngi 3

2_naulFauisusnsdauaanasan i naiunsntssusiala (%)

A7NDIANTALLLL MLAALLLWINIG

e linanistFudaemurnislinasanulninsmnseswiaziwanianisyfugausa

%

AHAN BN AR UE R FuaInAN B IR Agunsad sz R 1R (%) Wauduenansg

81984 MHnaanAInNIiANET 1, 2 WAy 3 AIRNIINT 5.26 WATIHUNET 5.14

A1379% 5.26 8R314019nA Nt RgunsadseusTale (%)

Tuusiazuuanalfutlaesanaisnsiidngi 3

Energy Saving from
No. Alternative
Base Case (%)
Base Case

1 |Wall fiberglass 1 inch -0.03

2 |Wall fiberglass 2 inch 2.66

3 |Ceiling fiberglass 1 inch 3.1

4 |Ceilling fiberglass 2 inch 3.71

5 |Ceiling fiberglass 3 inch 3.97

6 |LED 11.44

7 |New Water cooled 24.34
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112

24.34

New Water cooled
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3. msufFauiansraznanAuYU (Payback Period: PB) UAAKARALIULNY

AMNNITANYY (Return on Investment: ROI) TuufazhuInig

wAlAaInn191ae9d ullsunsy VisualDOE 4.1 8MAIUIISERIZIIA ALY

(Payback Period: PB) LL@m’qmmammumnmmmu (RO TUlAAZLUINIG TaeAnAT?

Miaeay 4.57 unénedaannluraiasn lwnasaraaana1snsiiAnen IANARIA13197 5.27

LATLEUNHT 5.15

399 5.27 PB waz ROI wiazuuan1enisuiuilaenesanansnstldnsni 3

Initial cost Saving Payback period ROI
No. Alternative
(baht) (baht) (Year) (%)

1 |Wall fiberglass 1 inch 1,324,948 -2,262.15 -585.70 -0.17
2 |Wall fiberglass 2 inch 1,545,954 179,985 8.59 11.64
3 [Celling fiberglass 1 inch| 1,872,289 210,942 8.88 11.27
4 |Ceiling fiberglass 2 inch| 2,079,516 251,428 8.27 12.09
5 [Ceilling fiberglass 3 inch| 2,244,191 268,817 8.35 11.98
6 |LED 995,600 775,205 1.28 77.86
7 |New Water cooled 18,600,000 1,648,984 11.28 8.87
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nstdAn® 3 neEngaanualng : PAYBACK PERIOD (YEAR) & ROI (%) - Payback period (Year)
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F19797 5.28 nanlfarnuuInianisliulgesaniuaesenmsnstiAneni 3

Total Electricity Energy | Energy Use Index : EUl | Energy Saving from Initial cost Saving Payback period ROI
No. Alternative
(kWh - Year) (kWh/m? - Year) Base Case (%) (baht) (baht) (Year) (%)
1 Ceiling fiberglass 2" 1,427,298 157.56 3.71 2,079,516 251,428 8.27 12.09
2 Ceiling fiberglass 3" 1,423,493 157.14 3.97 2,244,191 268,817 8.35 11.98
3 |LED 1,312,686 144.90 11.44 995,600 775,205 1.28 77.86
4 |New Water cooled 1,121,487 123.80 24.34 18,600,000 1,648,984 11.28 8.87
5 |Cl 2"+LED 1,257,212 138.78 16.19 3,075,116 1,028,721 299 33.45
6 |Cl2"+WC 1,095,498 120.93 26.10 20,679,516 1,767,754 11.70 8.55
7 |CI 3"+LED 1,253,343 138.35 15.45 3,239,791 1,046,402 3.10 32.30
8 |CI3"+WC 1,093,935 120.76 26.20 20,844,191 1,774,897 11.74 8.62
9 LED+WC 981,203 108.31 33.81 19,695,600 2,290,082 8.56 11.69
10 |Cl 2"+LED+WC 955,686 105.50 35.53 21,675,116 2,406,695 9.01 11.10
11 |Cl 3"+LED+WC 954,150 105.33 35.63 21,839,791 2,413,714 9.05 11.05
- -
natiANE? 3 nsznsraNmAlng : EUl (kKWhim? - Year)
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fiberglass 2*  fiberglass 3* cooled LED+WC LED+WC
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ns@AnER 3 ngEnaaNmAlng : % SAVE FROM BASECASE (%)
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Electricity
Total Energy Open 9 am - 4 pm Open whole day
Energy Save
, Electricity Saving from Energy Total Electricity Energy Total Electricity
No. Option from Base Electricity Electricity
Energy Base Case increased | Electricity | Energy Save increased | Electricity | Energy Save
case Energy Energy
(kWh - Year) (%) from option Energy |from Base case from option Energy [from Base case|
(kwh - Year) (kWh - Year) (kWh - Year)
(%) (kWh - Year) | (kWh - Year) (%) (kWh - Year)| (kWh - Year)
Base Case 420,881 _ 41,459 9.85 462,340 195,996 46.57 616,877
1 Ceiling fiberglass 2" 373,618 47,263 11.23 41,459 11.10 415,077 5,804 195,996 52.46 569,614
2 Ceiling fiberglass 3" 370,390 50,491 12.00 41,459 11.19 411,849 9,032 195,996 52.92 566,386
3 LED 378,376 42,505 10.10 41,459 10.96 419,835 1,046 195,996 51.80 574,372
4 Spec Split type 406,728 14,153 3.36 41,459 10.19 448,187 - 195,996 48.19 602,724
5 Spec Air cooled 349,821 71,060 16.88 41,459 11.85 391,280 29,601 195,996 56.03 545,817
6 New Water cooled 333,783 87,098 20.69 41,459 12.42 375,242 45,639 195,996 58.72 529,779

Dehumidification System
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Dehumidification System

Electricity
Total Energy Open 9 am - 4 pm Open whole day
Energy Save
. Electricity Saving from Energy Total Electricity Energy Total Electricity
No. Option from Base Electricity Electricity
Energy Base Case increased Electricity Energy Save increased Electricity Energy Save
case Energy Energy
(kWh - Year) (%) from option Energy |from Base case from option Energy [from Base case|
(kwh - Year) (kWh - Year) (kWh - Year)
(%) (kWh - Year) [ (kWh - Year) (%) (kWh - Year)| (kWh - Year)

7 Cl 2"+LED 331,946 88,935 21.13 41,459 12.49 373,405 47,476 195,996 59.04 527,942

8 Cl 2"+Split 361,940 58,941 14.00 41,459 11.45 403,399 17,482 195,996 54.15 557,936

9 Cl 2"+AC 346,312 74,569 17.72 41,459 11.97 387,771 33,110 195,996 56.60 542,308

10 |Cl2"+WC 300,103 120,778 28.70 41,459 13.81 341,562 79,319 195,996 65.31 496,099

" CI 3"h+LED 328,786 92,095 21.88 41,459 12.61 370,245 50,636 195,996 59.61 524,782

12 |Cl 3"+Split 358,848 62,033 14.74 41,459 11.56 400,307 20,574 195,996 54.62 554,844

13 |CI 3"+AC 342,387 78,494 18.65 41,459 12.11 383,846 37,035 195,996 57.24 538,383

14 |CI 3"+WC 297,933 122,948 29.21 41,459 13.92 339,392 81,489 195,996 65.79 493,929

15 |LED+Split type 364,578 56,303 13.38 41,459 11.37 406,037 14,844 195,996 53.76 560,574

16 |LED+AC 309,763 111,118 26.40 41,459 13.38 351,222 69,659 195,996 63.27 505,769

17  |LED+WC 295,775 125,106 29.72 41,459 14.02 337,234 83,647 195,996 66.27 491,771

18 |Split type+AC 335,668 85,213 20.25 41,459 12.35 377,127 43,754 195,996 58.39 531,664

19 |Split type+WC 319,630 101,251 24.06 41,459 12.97 361,089 59,792 195,996 61.32 515,626

20 |Cl 2"+LED+Split 320,609 100,272 23.82 41,459 12.93 362,068 58,813 195,996 61.13 516,605

21 ClI 2"+LED+AC 270,990 149,891 35.61 41,459 15.30 312,449 108,432 195,996 72.33 466,986

22 |CI2"+LED+WC 262,517 168,364 37.63 41,459 156.79 303,976 116,905 195,996 74.66 458,513

23 |CI 3"+LED+Split 317,587 103,294 24.54 41,459 13.06 359,046 61,835 195,996 61.71 513,583

24 |CI 3"+LED+AC 268,319 162,562 36.25 41,459 15.45 309,778 111,103 195,996 73.05 464,315

25 |ClI 3"+LED+WC 260,383 160,498 38.13 41,459 15.92 301,842 119,039 195,996 75.27 456,379

26 |LED+Split type+AC 295,964 124,917 29.68 41,459 14.01 337,423 83,458 195,996 66.22 491,960

27  |LED+Split type+WC 281,977 138,904 33.00 41,459 14.70 323,436 97,445 195,996 69.51 477,973

28 Cl 2"+LED+Split+AC 259,654 161,227 38.31 41,459 16.97 301,113 119,768 195,996 75.48 455,650

29 |Cl 2"+LED+Split+WC 251,181 169,700 40.32 41,459 16.51 292,640 128,241 195,996 78.03 447177

30 Cl 3"+LED+Split+AC 257,120 163,761 38.91 41,459 16.12 298,579 122,302 195,996 76.23 453,116

31 Cl 3"+LED+Split+WC 249,183 171,698 40.79 41,459 16.64 290,642 130,239 195,996 78.66 445179
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Dehumidification System
Payback Open 9 am - 4 pm Open whole day
Initial cost Saving ROI
No Option period Payback Payback
(Baht) (Baht) (%) Initial cost | Saving ROI Initial cost | Saving ROI
(Year) period period
(Baht) (Baht) (%) (Baht) (Baht) (%)

(Year) (Year)
- |Base Case 4,300,500 4,300,500
1 |Ceiling fiberglass 2" | 1,665,712 241,041 6.91 14.47 5,966,212 29,600 201.56 0.50 5,966,212
2 |Ceiling fiberglass 3" | 1,797,618 257,504 6.98 14.32 6,098,118 46,063 132.39 0.76 6,098,118
3 |LED 853,400 216,776 3.94 254 5,153,900 5,334 966.15 0.10 5,153,900
4 |Spec Split type 800,000 72,180 11.08 9.02 5,100,500 _ 5,100,500
5 |Spec Air cooled 1,291,730 362,406 3.56 28.06 5,592,230 150,965 37.04 2.70 5,592,230
6 |New Water cooled 8,000,000 444,200 18.01 5.55 12,300,500 | 232,759 52.85 1.89 12,300,500
7 |Cl2"+LED 2,519,112 453,569 5.55 18.01 6,819,612 242,127 28.17 Bi58) 6,819,612
8 |ClI 2"+Split 2,465,712 300,599 8.20 12.19 6,766,212 89,158 75.89 1.32 6,766,212
9 |CI2"+AC 2,957,442 380,302 7.78 12.86 7,257,942 168,861 42.98 2.33 7,257,942
10 [Cl 2"+WC 9,665,712 615,968 15.69 6.37 13,966,212 | 404,527 34.52 2.90 13,966,212
11 |ClI 3"+LED 2,651,018 469,685 5.64 17.72 6,951,518 258,243 26.92 3.71 6,951,518
12 |Cl 3"+Split 2,597,618 316,368 8.21 12.18 6,898,118 104,927 65.74 1.52 6,898,118
13 |CI 3"+AC 3,089,348 400,319 7.72 12.96 7,389,848 188,878 39.12 2.56 7,389,848
14 |CI 3"+WC 9,797,618 627,035 15.63 6.40 14,098,118 | 415,594 33.92 2.8 14,098,118
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(vi)
Dehumidification System
Payback Open 9 am - 4 pm Open whole day
Initial cost Saving ROI
No. Option period Payback Payback
(Baht) (Baht) (%) Initial cost | Saving ROI Initial cost | Saving ROI
(Year) period period
(Baht) (Baht) (%) (Baht) (Baht) (%)
(Year) (Year)
15  |LED+Split type 1,653,400 287,145 5.76 17.37 5,953,900 75,704 78.65 1.27 5,953,900
16 |LED+AC 2,145,130 566,702 3.79 26.42 6,445,630 355,261 18.14 Si5]] 6,445,630
17 |LED+WC 8,853,400 638,041 13.88 7.21 13,153,900 | 426,600 30.83 3.24 13,153,900
18 [Split type+AC 2,091,730 434,586 4.81 20.78 6,392,230 223,145 28.65 3.49 6,392,230
19 |Split type+WC 8,800,000 516,380 17.04 5.87 13,100,500 | 304,939 42.96 2.33 13,100,500
20 |Cl 2"+LED+Split 3,319,112 511,387 6.49 15.41 7,619,612 299,946 25.40 3.94 7,619,612
21 |Cl 2"+LED+AC 3,810,842 764,444 4.99 20.06 8,111,342 553,003 14.67 6.82 8,111,342
22 |Cl 2"+LED+WC 10,519,112 807,656 13.02 7.68 14,819,612 | 596,215 24.86 4.02 14,819,612
23 |Cl 3"+LED+Split 3,451,018 526,799 6.55 16.27 7,751,618 315,358 24.58 4.07 7,751,518
24 |Cl 3"+LED+AC 3,942,748 778,066 5.07 19.73 8,243,248 566,625 14.55 6.87 8,243,248
25 |Cl 3"+LED+WC 10,651,018 818,540 13.01 7.69 14,951,518 | 607,099 24.63 4.06 14,951,518
26 |LED+Split type+AC 2,945,130 637,077 4.62 21.63 7,245,630 425,636 17.02 5.87 7,245,630
27 |LED+Split type+WC | 9,653,400 708,410 13.63 7.34 13,953,900 | 496,969 28.08 3.56 13,953,900
28 |Cl 2"+LED+Split+AC | 4,610,842 822,258 5.61 17.83 8,911,342 610,817 14.59 6.85 8,911,342
29 |Cl 2"+LED+Split+WC | 11,319,112 865,470 13.08 7.65 15,619,612 | 654,029 23.88 4.19 15,619,612
30 |CI 3"+LED+Split+AC | 4,742,748 835,181 5.68 17.61 9,043,248 623,740 14.50 6.90 9,043,248
31 |ClI 3"+LED+Split+WC| 11,451,018 875,660 13.08 7.65 16,751,518 | 664,219 23.71 4.22 16,751,518
nsdlnuit 1 wadailid ¥ : Total Electricity Energy (kWh - Year)
’g 1,800,000
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g 1,600,000 Original Electricity Energy
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Energy Saving from Base Case (%)
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Dehumidification System
Electricity Open 10 am - 7 pm Open whole day
Total Energy
Energy Save
. Electricity Saving from Energy Total Electricity Energy Total Electricity
No. Option from Base Electricity Electricity
Energy Base Case increased Electricity Energy Save increased Electricity Energy Save
case Energy Energy
(kWh - Year) (%) from option Energy |from Base case from option Energy |from Base case
(KWh - Year) (KWh - Year) (kWh - Year)
(%) (kWh - Year) [ (kWh - Year) (%) (kWh - Year)| (kWh - Year)
- Base Case 1,133,315 _ 59,345 5.24 1,192,660 160,203 14.14 1,293,518
1 Ceiling fiberglass 2" 1,103,242 30,073 2.65 59,345 5.38 1,162,587 160,203 14.52 1,263,445
2 Ceiling fiberglass 3" 1,101,668 31,647 2.79 59,345 5.39 1,161,013 160,203 14.54 1,261,871
3 LED 1,069,255 64,060 5.65 59,345 5.55 1,128,600 4,715 160,203 14.98 1,229,458
4 New Water cooled 977,684 155,631 13.73 59,345 6.07 1,037,029 96,286 160,203 16.39 1,137,887
5 Cl 2"+LED 1,038,946 94,369 8.33 59,345 5.71 1,098,291 35,024 160,203 16.42 1,199,149
6 Cl 2"+WC 948,533 184,782 16.30 59,345 6.26 1,007,878 125,437 160,203 16.89 1,108,736 24,579
7 CI 3"+LED 1,087,362 95,953 8.47 59,345 5.72 1,096,707 36,608 160,203 15.44 1,197,565
8 Cl 3"+WC 947,022 186,293 16.44 59,345 6.27 1,006,367 126,948 160,203 16.92 1,107,225 26,090
9 LED+WC 913,977 219,338 19.36 59,345 6.49 973,322 169,993 160,203 17.58 1,074,180 59,135
10 [Cl 2"+LED+WC 884,702 248,613 21.94 59,345 6.71 944,047 189,268 160,203 18.11 1,044,905 88,410
1" Cl 3"+LED+WC 883,197 250,118 22.07 59,345 6.72 942,642 190,773 160,203 18.14 1,043,400 89,915

F1979% 5.35 PB uaz ROI Nlfannislinuiasesgaanaunigluaiaisnsiidngi 2

Dehumidification System
Payback Open 10 am - 7 pm Open whole day
. Initial cost Saving ROI
No. Option period Payback Payback
(Baht) (Baht) (%) Initial cost | Saving ROI Initial cost | Saving ROI
(Year) period period
(Baht) (Baht) (Baht) (Baht) (%)
(Year) (Year)
- |Base Case 2,984,700 2,984,700
1 |Ceiling fiberglass 2" | 1,108,817 133,223 8.32 12.01 4,093,517 4,093,517
2 |Ceiling fiberglass 3" | 1,196,623 140,196 8.54 11.72 4,181,323 4,181,323
3 |LED 264,400 283,786 0.93 107.33 | 3,249,100 20,889 3,249,100
4 |New Water cooled 14,400,000 689,445 20.89 4.79 17,384,700 | 426,549 40.76 245 17,384,700
5 |Cl 2"+LED 1,373,217 418,055 3.28 30.44 4,357,917 165,158 28.09 3.66 4,357,917
6 |Cl2"+WC 15,508,817 818,584 18.95 528 18,493,517 | 555,688 33.28 3.00 18,493,517 108,886 169.84
7 |CI3"+LED 1,461,023 425,072 3.44 29.09 4,445,723 162,175 27.41 3.65 4,445,723
8 |CI3"+WC 15,596,623 825,278 18.90 5.29 18,681,323 | 562,382 33.04 3.03 18,581,323 115,679 160.77 0.62
9 |LED+WC 14,664,400 971,667 16.09 6.63 17,649,100 | 708,771 24.90 4.02 17,649,100 261,969 67.37 1.48
10 |Cl 2"+LED+WC 15,773,217 1,101,356 14.32 6.98 18,757,917 | 838,459 22.37 4.47 18,757,917 391,657 47.89 2.09
11 |ClI 3"+LED+WC 15,861,023 1,108,023 14.31 6.99 18,845,723 | 845,126 22.30 4.48 18,845,723 398,324 47.31 21
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Dehumidification System
Electricity Open 8.30 am - 4.30 pm Open whole day
Total Energy
Energy Save
. Electricity Saving from Energy Total Electricity Energy Total Electricity
No. Option from Base Electricity Electricity
Energy Base Case increased | Electricity | Energy Save increased | Electricity | Energy Save
case Energy Energy
(kwh - Year) (%) from option Energy |from Base case from option Energy |from Base case
(kWh - Year) (KWh - Year) (kWh - Year)
(%) (kWh - Year) [ (kWh - Year) (%) (kWh - Year)| (kWh - Year)

- Base Case 1,482,315 _ 79,167 5.34 1,661,482 327,689 22.10 1,809,904

1 Ceiling fiberglass 2" 1,427,298 55,017 3.71 79,167 5.65 1,506,465 327,589 22.95 1,754,887

2 Ceiling fiberglass 3" 1,423,493 58,822 3.97 79,167 5.56 1,502,660 327,589 23.01 1,751,082

3 LED 1,312,686 169,629 11.44 79,167 6.03 1,391,853 90,462 327,689 24.96 1,640,275

4 New Water cooled 1,121,487 360,828 24.34 79,167 7.06 1,200,654 281,661 327,589 29.21 1,449,076

5 Cl 2"+LED 1,257,212 225,103 16.19 79,167 6.30 1,336,379 145,936 327,589 26.06 1,584,801

6 Cl 2"+WC 1,095,498 386,817 26.10 79,167 7.23 1,174,665 307,650 327,589 29.90 1,423,087

7 Cl 3"+LED 1,253,343 228,972 16.45 79,167 6.32 1,332,510 149,805 327,689 26.14 1,580,932

8 ClI 3"+WC 1,093,935 388,380 26.20 79,167 7.24 1,173,102 309,213 327,589 29.95 1,421,524 60,791

9 LED+WC 981,208 501,112 33.81 79,167 8.07 1,060,370 421,945 327,689 33.39 1,308,792 173,523
10 |Cl 2"+LED+WC 955,686 526,629 35.53 79,167 8.28 1,034,853 447,462 327,589 34.28 1,283,275 199,040
" Cl 3"+LED+WC 954,150 528,165 35.63 79,167 8.30 1,033,317 448,998 327,689 34.33 1,281,739 200,576

F1979% 5.37 PB uaz ROI Nldannislianuasesgaauaunigluaiaisnsiidngi 3

Dehumidification System
Payback Open 8.30 am - 4.30 pm Open whole day
) Initial cost Saving ROI
No. Option period Payback Payback
(Baht) (Baht) (%) Initial cost | Saving ROI Initial cost | Saving ROI
(Year) period period
(Baht) (Baht) (%) (Baht) (Baht) (%)
(Year) (Year)
- |Base Case 5,739,500 5,739,500
1 |Ceiling fiberglass 2" | 2,079,516 251,428 8.27 12.09 7,819,016 7,819,016
2 |Ceiling fiberglass 3" | 2,244,191 268,817 8.35 11.98 7,983,691 7,983,691
3 |LED 995,600 775,205 1.28 77.86 6,735,100 413,410 6,735,100
4 |New Water cooled 18,600,000 1,648,984 11.28 8.87 24,339,500 | 1,287,189 18.91 5.29 24,339,500 | 151902.413 | 160.23
5 |Cl 2"+LED 3,075,116 1,028,721 2.99 33.45 8,814,616 666,926 13.22 7.57 8,814,616
6 |Cl2"+WC 20,679,516 1,767,754 11.70 8.55 26,419,016 | 1,405,959 18.79 5.32 26,419,016 | 270672.143 | 97.61
7 |CI3"+LED 3,239,791 1,046,402 3.10 32.30 8,979,291 684,607 13.12 7.62 8,979,291
8 |CI3"+WC 20,844,191 1,774,897 11.74 8.62 26,583,691 | 1,413,102 18.81 5.32 26,583,691 | 277815.053 | 95.69 1.05
9 |LED+WC 19,595,600 2,290,082 8.56 11.69 25,335,100 | 1,928,287 13.14 7.61 25,335,100 | 793000.293 | 31.95 3.13
10 |ClI 2"+LED+WC 21,675,116 2,406,695 9.01 11.10 | 27,414,616 | 2,044,900 13.41 7.46 27,414,616 |909612.983 | 30.14 3.32
11 |Cl 3"+LED+WC 21,839,791 2,413,714 9.05 11.05 27,579,291 | 2,051,919 13.44 7.44 27,579,291 |916632.503 | 30.09 3.32
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Energy Saving from Base Case (%)

Alternative
nadail 19 | Ta. . iwad | NIENTINMALINE
Architecture
Wall fiberglass 1 inch 1.29 _
fiberglass 2 inch 2.40 0.02 2.66
Ceiling |[fiberglass 1 inch 9.49 1.93 3.11
fiberglass 2 inch 11.23 2.65 3.71
fiberglass 3 inch 12.00 2.79 3.97
Lighting
LPD | 10.10 | 5.65 | 11.44
Air Conditioning
Spilt type 3.36 0.18
Screw air cooled 16.88
Water cooled 20.69 13.73 24.34

£25

82
8 22

Loamnmwsono~wm

inch

inch 1 inch

12,00

-0.13
‘Wall fiberglass—1Wall fiberglass 2 Ceiling fiberglass-Ceiling fiberglass Ceiling fiberglass-

2 inch 3inch

Compare 3 Case studies : Energy Saving from Base Case (%)
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Payback period (year)
Alternative
vaaail 19 | Ta. #i. vwad NTENTINMALNE
Architecture
Wall fiberglass 1 inch 25.96 - -
fiberglass 2 inch 16.27 383.68 8.59
Ceiling |fiberglass 1 inch 7.36 10.29 8.88
fiberglass 2 inch 6.91 8.32 8.27
fiberglass 3 inch 6.98 8.54 8.35
Lighting
LPD | 3.94 | 0.93 | 128
Air Conditioning
Spilt type 13.85 21.63
Screw air cooled 3.56
Water cooled 18.01 20.89 11.28
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Compare 3 Case studies : Payback period (year) Casel £ Case2 Case3

o
=1

R

Payback period (year)
& &
o w

[
[

w
=]

25.96

T

356

B

B
o

R,

1 :Wall fiberglass 2 Ceiling fiberglass Ceiling fiberglass Ceiling fiberglass Lot

H
®
-
o
o

Spec Spilt type Spec Screw New Water
inchr tinch 2-inchr Finch air-cooled cooled

Alternative

WHUNHN 6.2 wamsszaznaInigAunu (1) Tuudazuwanianisliulgs

©

o

YRAIANIANINIRANEING 3 A1ANT

6.3  msRaITanuuImendlszAnsmwsannununisunladumanady

1 '
=

Tuntsiasuiuan1an1slfulgenfitdss@nsnandontiuazfauuonianlu
Usz@ninnaan Tnaaziarsansaniunislauesesgaauauie uflalymiaouiy
neluanrg IesutAne iy 2 uwanishe Waeniznan ldueiaisuazidlanaen 24
o = 4 = o . = =
F0TH9 1ANINIUANHIN 1 HUWINNIIMTIUNA 95 LU AIUBIANINIUANENN 2 Uay 3

[ %

1% [ ' o ng// ¥ o d”
@51@LL'Ll"J‘V]'Nﬂ’]?ﬂﬁ‘ﬂﬂ?\‘lﬁ‘fJNﬂuVI\‘lﬂﬁJﬂ‘ﬂ’]ﬂ’]ﬁ‘@:ﬁ 35 WUAINI9 Vmem?mmm NU

2 lutn? 1 Ael¥aeniziaanan il alinueieqliienni A
- nsdiAnund 1 Weannzaananfibln 1 wetesuanniAresaus
1981 9.00 1. F41987 16.00 1. Al nANLINR RN YA NLAAZ LN
[?'lg/;]LLlﬁi 9.85-16.64 %
- nsdiAnund 2 Weannztaananfibln 1 watesuanniArasaus
1981 10.00 1. 391281 19.00 1Az lindsanulninfind uanusdaziemig

BBl 5.24 — 6.72 %

1 1 2
o '

- psalAnEN 3 1Enuenizdaanaiiitlaldauesalfuainidpasus
1987 8.30 1. D9KIA1 16.30 WAL MNANIWINANANTUIN N WARZLWINIY

B9l 5.34 — 8.30 %



141

suuuuf 2 Aaldaunaan 24 daluaninn

b1 =t { ¥ o QI dgj 1 oa/l !
- NTUANEIN 1 wmwzhwmmﬂﬂv’\hmeummmmummqmLLm

46.57 — 78.66 %

a2 =y 1 A o QI d’l ' 3 ]
- NTUANEIN 2 W‘].I')’le‘]]W@\N’]uLLW‘ﬁ’]LWN%H@’mLL[F]@ZLLWJVI’N[FNLL[?]

14.14 -18.14 %

- nsiAn®N 3 nudnazEnasu NN R NTUAN N LA LUINI9FaLLE

22.10-34.33 %

AT UNLATEF AAATIANIRN WUINUWINeR 1 Raidaanizinan i
a A A o a8 < P
81A7 LazluIned 2 Aaillanaan 24 dolustesenarsnsdidnens 3 anang llfmau
P = = : P P o
AnA1TUNN9899 0 LTHAIAINIZULIIAINITAUN BIBILA Az LWINI9azlAag 7 10 Tawll
TuanefirsasnaaNTuLLLa Ll wiseuuLARNWsALEaFIW HangnisldanuiaAsa e
5-10 1 i
annsAnEanaaaINnsaal ifanlusagouniindunsiAneniis 3 a1ans
anunsndszudanasnuldinmnatanwainidnialuaas ity luEessesmaudu
dl v dsj [~3 1 ¥ ¥ [ al 49/
wazilaninuanienisuiladyiaouduiazganalilsuiunis T n s unnau
4 . 4 = oF d o .
asannnslfanuasadgamNTuNetatsanNTue luatAsaan TeANIglE
o o . . = A & & A
LaznN191i1995n11 (Operation and Maintenance) gexnn deiftyunisasponuauiuneiy
TymdranarsvnieuiilalaaianizadeBisanasiini sl wduinnasust ines

dl I aa o r:// dgj dl A ! ] dlv
a1A197n U un st duan na N AN TUNUN 1 Ua s A N AR NAITUNA A LAAY

PEIR99 AN 6.1 aziinlFanuIiaaA1gaurila A eiiadannA N

nd 6.1 anwtTyunnieu Aisiumnan 1w s veral Taqii



142

=]

AMNN1TANIURY Camuffo, Bernardi, Sturaro, and Valentino (2002) WUINAITHEY

-

a dgl o o 4 dl A aa o rqul dl dl ¥
mumm@muguLLamfmmumuwmﬁmﬂiuuﬂqﬂm’]uLﬂuWWﬁnmmuu ulsaanaagli

1
a o %

AHANATYNINTGATARIRNToENNENAMFL LT IR BINNNAY Mueller (2013) TAsey

! v
o

1 dl o A A aa o o a dl
MENINANNIANUNNZANALRNAINRNNT LT uAN s Ui fqquumﬂum Y ENIASEN

Aa 21 °C Tnefagldimnudunouninlilngn + 3 °C TurusiA TR AN S NINNNZaN A

55 % Tasafiaqluilautiuunuunldngn + 5 % suinnfasnis i ludaouuniuniama

a

AaflanafiasatiunisilawesestiuainiAnaan 24 13, INOALANYUUNRLAZANNTY B9

a

o '

Fasananndendenaliiinslinasnuliigeanluliuaunn Weauiuuuwinienig
dl s o 09-/ [~ a v % 09-’ dJ dld
wWasuszuudiuenaeduszuurinduduainssunaaasdeuiasingaduunoniaii
UseBrnBnngeiaziisrezinain19AunuiEnauIund AN fuFuinousinnnsgaunisssidy
gruuniuarANTIudNAnsn e luRNs Aneitiun1g ASHRAE (2011) Aldudsinmsinas
dszifiudu 5 33AU ANsEALAMNIALNFAMNIARMNETBITUINUARLARAY AIANIIT 6.4
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(ASHRAE, 2011)

Maximum Fluctuations and
Gradients in Controlled Spaces

Type

Set Point or
Annual Average

Class of Control

Short Fluctuations
plus
Space Gradients

Seasonal
Adjustments in
System Set Point

Collection Risks and Benefits

General
Museums,

Art Galleries,
Libraries, and
Archives

All reading and
retricval rooms,
rooms for
storing
chemically
stable
collections,
especially if
mechanically
medium to high
vulnerability.

50% rh

(or historic annual
average for
permanent
collections)

Temperature set
between 15 and
25°C

Note: Rooms
intended for loan
exhibitions must
handle set point
specified in loan
agreement,
typically 50% rh,
21°C, but
sometimes 55% or
60% rh,

AA

+5% rh, #2 K

Relative humidity

No risk of mechanical damage to most artifacts and

Precision control, no change paintings. Some metals and mincrals may degrade
no seasonal Up5K;down 5K |if 50% rh exceeds a critical relative humidity.
gh:g:sr.amtz Chemically ble objects ble within
fallback e
A +5%rh, £2 K Up 10% rh, Small risk of mechanical damage to high-
Precision control, down 10% rh vulnerability artifacts; no mechanical risk to most
some gradients or Up5K; artifacts, paintings, photographs, and books.
scasonal changes, down 10 K “hemically ble objects ble within
not both, with decades
system failure £10% rh, +2 K RH no change >
fallback Up 5K;down 10K
B £10%rh, £5 K Up 10%, Moderate risk of mechanical damage to high-
Precision control, down 10% rh vulnerability artifacts; tiny risk to most paintings,
some gradients Up 10 K, but not most photographs, some artifacts, some books; no
plus winter above 30°C

risk to many artifacts and most books.
=y

temperature Ch ble objects ble within

setback decades, less if routincly at 30°C, but cold winter
periods double life.

C Within 25 to 75% rh year-round High risk of mechanical damage to high-

Prevent all high-
risk extremes

Temperature rarely over 30°C,

usually below 25°C

vulnerability artifacts; moderate risk to most
paintings, most photographs, some artifacts, some
books; tiny risk to many artifacts and most books.
Chemically ble objects le within
decades, less if routinely at 30°C, but cold winter
periods double life.

D
Prevent
dampness

Reliably below 75%

th

High risk of sudden or cumulative mechanical
damage to most artifacts and paintings because of
low-humidity fracture; but avoids high-humidity
delamination and deformati specially in
veneers, painti paper, and photographs. ,
Mold growth and rapid corrosion avoided.

“hemicall ble objects ble within
decades, less if routinely at 30°C, but cold winter
periods double life.
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6.43 NITHRAILATRINBIMANRITAUNISHTEIUENNE (Volatile Organic
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ATUANTTRTBILATENAAAINTY

. auaRuil g | Banaldhild 371
1HALATaIARANNTY ..

(ANF19LNAT) (A5R) (un)

A 30 760 18,900

B 50 920 26,900

C 80 1,100 38,900

D 120 1,480 49,900

E 150 2,600 129,000

F 180 2,400 139,000

G 200 4,200 159,000

H 300 5,730 189,000
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HTMURZLAELUAAIULLARSATATTANU

1. RIANINILANEIN 1 : ANEAUNADILBUYNTNER VeAa1

fIUIAUAA 11l ALaan 9.00-16.00 U.
o . Y Eunsanmea o
ANun AU Ausau FUALATDIAA
meluviag b
(AN5I9LNAS) (Vimq) (ANS19LNAT) . ATNT
(AnUNANAS)

21 1 21 126 B

42 1 42 252 C

63 1 63 378 D

75 2 150 900 (E)X2

93 1 93 558 G

95 1 95 570 G
115 1 115 690 DX2
124 1 124 744 DX2
125 1 125 750 DX2
130 1 130 780 DX2
135 1 135 810 H
170 1 170 1,020 FX2
190 1 190 570 G
190 2 380 2,280 (GX2)X2
196 1 196 1,176 GX2
230 1 230 1,380 EH
310 1 310 930 H
494 1 494 2,964 GX5

daulng 1ilman 9.00-16.00 .
45 1 45 270 D
92 1 92 552 F
Aunaa dln 24 dalug

75 1 75 225 c

120 1 120 720 DX2
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Audiddlaan 9.00-19.00 u. (Taqiiudlaldnu)

o . o PEumsaime .
Nuh U Aunsan FUALATRINA
meluviag L
(MNF19LNMT) (ﬁm) (A1519LNRS) . AMNTU
(gnUIANLANAS)
18 1 18 54 A
22 2 44 132 (AX2
23 1 23 69 A
26 1 26 78 A
28 5 140 420 (AX5
32 4 128 384 (A)X4
34 2 68 204 (AX2
35 4 140 420 (A)X4
36 8 288 864 (A)X8
37 1 37 111 B
38 1 38 114 B
46 2 92 276 (B)X2
49 1 49 147 B
50 2 100 300 (B)X2
52 3 156 468 (B)X3
56 1 56 168 AX2
59 1 59 177 AX2
60 1 60 180 AX2
77 1 77 231 ©
Rudidnidlaaa 9.00-19.00 u. (Taqiiuileldnu)
28 1 28 84 A
30 1 30 90 A
38 2 76 228 (B)X2
39 2 78 234 (B)X2
46 1 46 138 B
48 1 48 144 B
49 1 49 147 B
50 1 50 150 B
56 1 56 168 AX2
60 1 60 180 AX2
66 1 66 198 AX2
77 1 77 231 c
Fuidaunane 9.00-19.00 u.

564 1 564 1,692 FX3
628 1 628 1,884 GX3
556 1 556 1,668 HX2
425 1 425 1,275 GX2
80 2 160 480 (C)x2
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Aui AU Fuiisan wnazeIma TinLATaInn
meluviag *
(A1919L1MA3) (vi24) (M919HAT) . ANT
(gnmﬁnmms)
7 3 21 109 (A)X3
8 6 48 248 (A)X6
9 5 45 233 (A)X5
10 4 40 207 (A)X4
11 4 44 228 (A)X4
12 5 60 311 (A)X5
14 1 14 72 (A)X1
15 5 75 388 (A)X5
16 16 256 1,325 (A)X16
17 3 51 264 (A)X3
18 11 198 1,025 (A)X11
19 6 114 590 (A)X6
20 6 120 621 (A)X6
21 4 84 435 (A)X4
22 2 44 228 (B)X2
23 3 69 3574 (B)X3
25 12 300 1,553 (B)X12
26 2 52 269 (B)X2
27 2 54 279 (B)X2
28 2 56 290 (B)X2
29 1 29 150 B
30 3 90 466 (B)X3
31 1 31 160 B
32 3 96 497 (AX2)X3
33 9 297 K537 (AX2)X9
35 3 105 543 (AX2)X3
36 1 36 186 AX2
37 1 37 191 AX2
40 1 40 207 C
44 1 44 228 (¢}
45 1 45 233 C
46 1 46 238 C
48 3 144 745 (C)X3
50 3 150 776 (C)X3
51 1 51 264 ©
52 2 104 538 (C)x2
54 2 108 559 (BX2)X2
55 3 165 854 (BX2)X3
58 2 116 600 (BX2)X2
65 2 130 673 (D)X2
70 2 140 725 (D)X2
77 1 77 398 D
81 1 81 419 B
84 1 84 435 B
93 1 93 481 B
106 1 106 549 F
110 1 110 569 F
115 2 230 1,190 (G)x2
140 2 280 1,449 (DX2)X2
185 2 370 1,915 (G,D)X2
230 1 230 1,190 GX2
60 1 60 23,909 AX2
66 1 66 26,299 AX2
77 1 77 30,683 C
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