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Abstract

The objective of this research was to study the thermal resistance values of exterior walls. To
establish guidelines for building refurbishment for energy efficiency and evaluate the value of investment
in fiberglass insulation at different densities and thicknesses. The study used the heat transfer analysis
method by using the computer program for building energy efficiency assessment (Building Energy Code
Software, BEC). The results showed that, in order to achieve the criteria of the Ministry of Energy for the
buildings operating 9 and 12 hours per day, the space ratio of translucent walls to the total wall area should
be to less than 30%. For the building that operates 24 hours a day, the ratio always should be to less than
35%. When analyzing the financial worth of the wall insulation installation, every options at any ratio of
the area of the translucent wall to the wall area the lest option with the lest payback period was fiberglass
insulation density 16 kg / m3, thickness 25 mm. Except for buildings that operate 9 hours per day that the
area ratio of translucent walls per wall area is equal to 25%. Fiber glass insulation density 16 kg / m?3,

thickness 50 mm. was the lest option.
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AINUNRUN Themal Conductivty Density Specific Heat
(m.) (W/mK) (kg/m?) (kJ/kgK)
Yuarudwmiuneuen 0.015 0.72 1860 0.84
dgueny 0.07 0.473 1600 0.79
Yuarudwmiunmeuen 0.015 0.72 1860 0.84
LLN‘u@U#‘fNU@%ﬂmm%m 0.012 0.318 760 1.09
Transparent SHGC Transparent Transparent
U-value Thickness
ns¥ANARUAELTEY 0.06 0.66 55 0.01276
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2.3 A1 COEFFICIENT OF PERFORMANCE (C.O.P) AaUS¢@NTAINAITYIN191UD 4

wsesUSuemAnlaainauns COOLING CAPACITY(Kw) / POWER INPUT lumsisefivindu 3.414 setades
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AIURUIUY AURAUN F1AadY i?ﬂﬁ%uﬁﬂ Themal Density Specific Heat
(mm.) (Bath/m?) (Bath/m2) Conductivty (kg/m?3) (kJ/kgK)
(W/mK)
awaulouii 16 kg/m? 25 85-100 85 0.038 16 0.96
avlowii 16 kg/m?3 50 130-160 130 0.035 16 0.96
awuleudi 24 kg/m?3 25 100-115 100 0.035 24 0.96
awauleuii 24 kg/m? 50 140-170 140 0.035 24 0.96
awaulouii 32 kg/m? 25 110-125 110 0.033 32 0.96
awlou 32 kg/m? 50 150-135 150 0.033 32 0.96
auulaudn 48 kg/m? 25 140-175 140 0.033 48 0.96
auudlauna 48 kg/m?3 50 170-210 170 0.033 48 0.96
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2.1 Present Worth fnheiduum
[ 1+ - 1]

DL o
Present Worth %1 Annual to Present Value (& P) sauusntuiUdgukdusietun

o

\Jutlagiufe Uniform Present Worth (UPW) A1a1n Factor A 18u P = 6.7101
n = Life in Years (@1gmslinuvesauaded 10 )
i = Snrmendedud 7%
2.2 Simple Payback Period nMsfuiniUseiliusgeziaitun1shunuviseynduusel

C
Simple Payback Period = A
C = initial capital investment
A = annual saving

2.3 Simple Rate of Return (%)

Simple Rate of Return = %x 100

Snrmansuunuivilsinaneuumuiildanmsusevdanaenengmsldauiniuiu
amuﬁgwm (%)

A = annual saving

C = initial capital investment
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a1

Flussiotu dosnsdiuiuiivesuilslusauasdofuiinaimuniudurnsaemannudeusuntozdni
wanFnRdsfitosas wasiisnsduitufivesldlussuasenuinTsiaunminiy 10% lisududosingsaui
\osnilinisanamenudousihundsiauaiirunasi
ilesndruiuivesnidslussuasrofiuiitlaimunminiy 20% auufuanudeufiniumun 25
mm azliiasnsaannsaremanudeuliiiunasils wavilednsiduiuivewiluswasseiuiinsiamun

1NNV BWINAY 30% UIUNUANLSBUIL dIRasaN1sanAINITANEmANUSDUIRILNINA Aauandlunise 4
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TEMTAUIUAUALS Y Sasduiuiivotlelusuadefuiindaiammn WWR (%)
maden AUNLY 10 15 20 25 30 35
(mm.) AmseemanususTuRT s aEe OTTV (W/m2)
"Laiamﬁv’aamu - 43.019 50.696 58.791 66.443 74.095 81.746
awloui 16 kg/m? 25 27.013 34.948 43.402 52.191 62.150 69.394
auleun 16 kg/m3 50 23.427 31.963 40.682 49.532 58.901 67.089
auulewi 24 kg/m?3 25 26.524 34.553 43.047 51.842 61.704 69.092
awulewi 24 kg/m?3 50 23.077 31.666 40.410 49.269 58.591 66.862
auuleun 32 kg/m3 25 26.176 34.273 42.791 51.588 61.380 68.871
auulouia 32 kg/m? 50 22.850 31.460 40.224 49.087 58.381 66.704
auloud 48 ke/m3 25 26.171 34.269 42.787 51.585 61.376 68.869
aulouin 48 kg/m? 50 22.844 31.455 40.220 49.083 58.376 66.700
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a Ay v X A oS A W o & Y a & ~ =
LAY TRYAY WaTNONIIFINNUNYBINTIIUT WA DNUANTIanUAWINAY 10% hidnludesRnfinauiuilasannd
ANNNSANELNAUS DU UHITINIUUATH1ULN U
IDOMTIAIUNUNVBINTILUS IbEIH o NUTNNIIUALINAINVZOWINAU 30% aUIUNUAINLSIUIE

lddwmananisanAinisanemanusauliniunue aaanslunisne 5

M15°9 5 Mnsenemanuieununiiinedgaruyuinfiauiuleuiivesenasidinisldau 12 filussetu

TensauIuiuANiau Sasraruiuiivomlusuasmoiuingsimun WWR (%)
mauden A 10 15 20 5 | 0 | s
(mm.) AmseemanuseusuRT s LaEe OTTV (W/m?)
lﬂﬁm&y’qamu - 37.565 43.045 48.525 44.841 59.485 64.965
aulouia 16 keg/m? 25 21.662 28.025 34.389 39.301 47.116 53.479
auleuia 16 kg/m3 50 18.561 25.097 31.633 37.582 44.704 51.240
auulouna 24 kg/m? 25 21.256 27.642 34.028 39.095 46.800 53.186
auuloun 24 kg/m? 50 18.256 24.809 31.362 37.397 44.467 51.020
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awloum 32 kg/m?3 25 20.968 27.371 33.772 38.938 46.576 52.978
awulawni 32 kg/m? 50 18.045 24.609 31.174 37.262 44.302 50.867
awulou 48 kg/m3 25 20.967 27.369 33.771 38.939 46.575 52978
awulou 48 kg/m3 50 18.043 24.608 31.172 37.262 44.302 50.866

3, gransiisinasldeu 24 $lug
Ansanemanuieuriuninedgaiuyuvesemsngud 3 1usiansifnisldnutuag 24
Flus ilesnsawitufivesiilusuasdofiuinisimunfutuansaemau o U UNT s A A LANANS
WAviitosas warisnsidruuiivesnislussuasefuiinsiamuawindu 10%, 15% way 20% laisududosings
auuilesnilinisanamenudousihunsdaiaaaiiunast
ilednsdruiuivesnislussuasoiuiintaiammamnnnimdowintu 35% auufusudeuss

lddwmaranisaneinisanemausauliniunel aaanslunisne 6

134 6 AMImemANLSBuuTinedgauuAndauIulouiivetetn1sninisldnu 24 Falus

TEATAUIUAUAIINTBY Sasndruiiufivamidsluswawofiuiindsimun WWR (%)
mauden T 10 15 20 25 ‘ 30 ‘ 35
(mm.) Amsanemadeurun e OTTV (W/m?)
lﬂamﬁgﬂQUQN - 27.388 25.752 28.909 32.559 35.963 39.367
awulauil 16 kg/m? 25 13.345 16.946 20.837 24.789 28.711 32.633
awlowi 16 kg/m3 50 11.337 15.243 19.251 23.287 27.309 31.331
auulauna 24 kg/m?3 25 13.072 16.721 20.630 24.591 28.526 32.461
auloui 24 kg/m? 50 11.143 15.073 19.096 23.137 27.169 31.201
awulauii 32 kg/m? 25 12.878 16.561 20.483 24.449 28.394 32.339
auuloui 32 kg/m? 50 11.016 14.958 18.988 23.036 27.074 31.113
awloui 48 kg/m?3 25 12.879 16.561 20.483 24.449 28.394 32.339
awuleuii 48 kg/m? 50 11.017 14.959 18.988 23.036 27.075 31.113

N15AATIEAAIUANATIUNITAIMNY (Economic analysis)
\devFuasmuuagdnsnsliliveaudaznadenuseiiussegnalunsfununiogaduyused
9e19418 (simple payback period) @nansaiUSeuliieussesn1sAuyule il
1. o1nsisinsldann 9 Halusetu
Mnmsieszienuduailunsasueeomsiiingldom o HluwleTu Savduiuiivess
Tusauaslauiindeioundl 15% uaz 20% szeznanisiunuvesauiulond 16 ky/m? fimumun 25 mm. way
Shsrduiuiivesniislussaslefufindeiomn 25% srogamsAunuvesauuloni 16 ke/m? fienumun 50

mm. JANUANAINTIAR AauanslunIse 7
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awloum Sasnduituivomidslusuastefuiindaiaan WWR (%)
15 20 25

PW SPP SRR PW SPP SRR PW SPP SRR
GRITTR) @) (%) GRITRL)) @) (%) @ wum) @) (%)

16 kg/m3 25 mm. 11.08 1.06 94 12.27 1.02 97.6 - - -
16 kg/m3 50 mm. 10.37 1.17 85 11.62 1.14 87.3 15.29 1.14 87

24 kg/m?3 25 mm. 11.01 1.14 87.2 12.20 1.10 90.4 - - -
24 keg/m?3 50 mm. 10.31 1.21 82 11.58 1.19 83.9 15.27 1.19 83.8

32 kg/m?3 25 mm. 10.95 1.19 83.4 12.16 1.15 86.4 - - -
32 kg/m?3 50 mm. 10.28 1.26 78.9 11.54 1.23 80.9 15.27 1.23 80.7

48 kg/m3 25 mm. 11.02 1.41 70.8 12.22 1.36 73.3 - - -
48 ke/m?3 50 mm. 10.32 1.38 72 11.58 1.35 73.9 15.31 1.35 73.6

2. 91ASNANTIEaU 12 Faluemaiu

31NNTIATIERANLANATTUNITAMUTBIDIANT NENSTEN 12 Tilussiedu dasrdiuiiuiives

AT AR NUVNTSVIanUAT 15%, 20% Wag 25% eegiiain1sAunuvemuwiulenis 16 kg/m3 AAumu 25

mm. §AUANANINTER Fakandlumnsng 8
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awuloum Sasnduituivomilslusuasefiuiindsiaan WWR (%)
15 20 25

PW SPP SRR PW SPP SRR PW SPP SRR

GRITR)) @) (%) GRIRTALY) @) (%) @ uum) @) (%)

16 kg/m3 25 mm. 18.89 0.59 167.7 20.73 0.59 167.7 24.18 1.42 70.1
16 kg/m3 50 mm. 17.50 0.65 152.5 19.42 0.65 152.5 23.39 1.43 69.9
24 kg/m?3 25 mm. 18.73 0.64 155.7 20.58 0.64 155.7 24.10 1.51 65.8
24 kg/m3 50 mm. 17.37 0.68 147.1 19.30 0.68 147.1 23.31 1.46 68
32 kg/m?3 25 mm. 18.62 0.67 149 20.47 0.67 149 24.04 1.57 63.6
32 kg/m?3 50 mm. 17.29 0.70 141.5 19.22 0.70 141.5 23.26 1.51 65.9
48 ke/m?3 25 mm. 18.68 0.79 126.4 20.53 0.79 126.4 24.10 1.85 53.9
48 kg/m3 50 mm. 17.34 0.77 129.1 19.27 0.77 129.1 23.30 1.66 60.1

3. 91ANSNANSIHU 24 lueradu

INMTAATIRRANNANATUNTaMUTeIe1AsNENTTdNY 24 dilussietu dnsdruiiuiives
ilUswasRaNUTNTIIanan T 25% way 30% seevliainisAuyuvesnuuleni 16 ke/m? fAanuviun 25 mm.

fanuduanuniian daanddunisie 9
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awloum Sasauiuiivotlelusuadefuiindaiamun WWR (%)
25 30

PW SPP SRR PW SPP SRR

@ wum) @) (%) @ wum) @) (%)

16 kg/m3 25 mm. 41.26 0.50 196.7 42.25 0.34 2935
16 kg/m3 50 mm. 39.81 0.55 178.6 40.67 0.38 256.8
24 kg/m?3 25 mm. 41.08 0.54 182.6 42.05 0.36 271.1
24 kg/m3 50 mm. 39.67 0.58 172.3 40.53 0.40 246.9
32 kg/m?3 25 mm. 40.96 0.57 174.8 41.90 0.38 258.7
32 kg/m? 50 mm. 39.59 0.60 165.7 40.44 0.42 237.0
48 kg/m?3 25 mm. 41.02 0.67 148.3 41.96 0.45 219.5
48 kg/m3 50 mm. 39.63 0.66 151.2 40.48 0.46 216.2
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2. Aamenlwiiniede wiwas 3.10 v

3. Snsnsuulgsinnsauiutueudeulsinudusinias
4. Present worth 191 (A L] P) n=10, 1 =7%

A191NA1579 Factor A 1w P = 6.7101
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WWR auufuAusau oTTvV Building Energy Simple Payback | Simple Rate
(W/m2) | Consumption (U1) Period (¥) of Return (%)

15% awloui 16 kg/m3 Auviun 25 mm. 34.948 1,839,114.40 1.06 94

20% awlou 16 keg/m3 Aunun 25 mm. 43.402 2,003,956.87 1.02 97.6

25% awloui 16 kg/m?3 A1unun 50 mm. 49.532 2,123,484.22 1.149 87
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WWR uIURUANUSIU oTTvV Building Energy Simple Payback Simple Rate
(W/m2) | Consumption (uv) Period (0) of Return (%)
15% awulaunl 16 kg/m3 AINUNUI 25 mm. 28.025 3,192,468.94 0.59 167.78
20% awulouia 16 keg/m? Aaumun 25 mm. 34.389 3,424,740.10 0.59 167.77
25% awulaun 16 kg/m3 AINUNUN 25 mm. 39.301 3,604,016.60 1.42 70.14
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WWR auuiuAUSIU oTTv Building Energy Simple Payback | Simple Rate
(W/m?) Consumption (U) Period () of Return (%)

25% awloum 16 ke/m? A3UNUT 25 mm. 24.789 6,167,316.14 0.50 196.76

30% awulewni 16 kg/m?® AUnUT 25 mm. 28.711 6,400,901.24 0.34 293.59
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