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Bangkok University.

A Study of Low Income Housing Suitable for Energy Conservation and Thermal Comfort :

A Case Study of Yommarach Community in Bangkok (141 pp.)
Thesis Advisor: Assoc. Prof. Nopadon Sahachaisarae, Ph.D.

ABSTRACT

Most people live together intensively in Y ommarach community in Bangkok. Due to
insufficient budget, the people live in a poor built environment that does not match with their
behavior, activities and life style. In addition, the temperature and humidity in their houses make
these people feel uncomfortable. This stﬁdy aimed to develop design guidelines for low-income
housing suitable for requirements of people and human thermal comfort according to a
psychometric chart. The study had four main objectives. First of all, the study explored life style
and limitations of people in the community such as behavior, activities, relationships between
family members and neighborhoods. In addition, the study also investigated satisfaction to live in
their houses such as satisfaction of areas in the house, perception of thermal comfort and
satisfaction of safety. It also examined a design concept of passive cooling that use natural energy
to create a comfortable temperature and humidity. Lastly, the study aimed to proposed design
guidelines for low-income housing suitable for their budget, life style and thermal comfort. To
achieve the objectives, the study used a survey to acquire information of existing conditions of
houses and the group of people living in the communities. The existing conditions of 97 houses
were categorized by its location, material and area. Then, 23 houses were randomly selected and
people living in the houses were interviewed by a questionnaire to collect their life style,
limitation for budget and satisfaction to live in the houses. Correlation statistic was applied to
examine relationships between the three factors. Only 4 houses were chosen as representative of
every category for houses in the community. In addition, a multiple regression was applied to
predict score of satisfaction to live in the house by their life style and budget limitation. The
people in the four houses were also deeply interview in order to gather their opinions for the way

to create passive cooling in the houses. The temperature and humidity of 27 houses were
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measured and plotted in a psychometric chart in order to examine which passive cooling
technique is suitable for low-income housing. The study found that life style is a predictor of
satisfaction to live in the house. It also found that using natural ventilation at a roof is a good
technique for passive cooling in order to create a comfort zone in the house. However, the study
suggests that the future study may use a computer simulation to investigate to what extent do

techniques of passive cooling influence temperature and humidity.

Approved:
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Growth needs

personal

‘ Esteem needs -
achievemeant, independence,
status, prestige, responsi bility

Social needs — love, family, affection,

Deficiency needs relationshins, friends, work group, ete.

Safety needs — freedorn from war and conflict, protection,
security, law and order, rules, limits, stability, etc.

Biological and Physiological heeds — basic survival needs
such as air, food, water, shelter, warmth, sleep, health, etc.

v

N1 : Maslow’s Hierarchy of Needs 2.0. (n.d.). FuAunn http://www.gracezone.org/index.php/

management-article/387-eight-need-domains
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MR 9 : Mydwunszangiisimeaununeiin/u (Koppen Climate Classification)
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/ Fan-Forced Ventilation Cooling

14.2% 8 Internal Heat Gain (1242 hrs) W SR
5.5% 9 Passive Solar Direct Gain Low Mass ( V4
5.0% 10 Passive Solar Direct Gain High Mass (440 hrs

4.8% 12 Wind Protection (420 hrs)
41.5% 13 Con ional Air Conditioning (3632 hrs)
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ASAANE | AIMANET | n3diAne | nsalAnel | nsaldnw | Asdidnyn | n3diftnmn
average 1 2 3 4 5 6 7
living_s 0.051 0.095 0.049 0.200 0.437 0.269 0.536
living_w 0.057 0.115 0.053 0.339 0.373 0.382 0.313
living_sw 0.056 0.061 0.065 0.415 0.345 0.485 0.313
storage s 0.029 0.095 0.029 0.073 0.437 0.079 0.536
storage w 0.005 0.115 0.005 0.173 0.373 0.175 0.313
storage sw 0.024 0.061 0.024 0.210 0.345 0.215 0.313
bedroom_s 0.082 0.095 0.076 0.143 0.437 0.232 0.536
bedroom w 0.066 0.115 0.067 0.092 0.373 0.103 0.313
bedroom_sw 0.004 0.061 0.004 0.061 0.345 0.178 0.313
wC_S§ 0.012 0.012 0.012 0.170 0.177 0.180 0.014
we_ W 0.002 0.002 0.002 0.021 0.008 0.020 0.073
WC_SW 0.002 0.002 0.002 0.013 0.007 0.010 0.073
ANWS Ay
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analnill 2553 anaau
°c fuii °c fuii ISy
Joya

39.7 10 WA, 2553 39.5 22 NA. 2526 2494
M3 gangigegaiihmeadanuludeuiiunau-ngumau (9gden)
al NTUYAINY ﬂqqqu(ﬂuéﬂsxﬁguﬁ?ﬁﬁ(), (@ninWanngeiioningl 2555)
http://www.tmd.go.th/index.php
Climatologically Data for the Period 1981-1998 (2524-2541)
Station Bangkok Metropolis: TEMPERATURE °c)
Elevation of station above MSL 2 Meters

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Extremes | 36 36.6 | 37.4 | 38.2 | 38.1 | 37.1 | 37.1 | 36 35 35.7 | 353 ] 36.3
Highest
Daily 31.7 | 32.6 | 33.7 | 34.7 | 342 | 33.1 323 |31.8|31.6 |31.3 |31.6]| 31
Max.
Monthly 27 28.1 [29.6 | 30.7 | 304 | 29.7 | 29.2 | 28.7 | 28.2 | 28 27.8 | 26.8
Mean
Daily 23.1 | 245 [ 265 |27.6 | 274 |27 26.7 |1 26.3 | 25.7 | 253 | 243 | 22.9
Min.
Extremes | 14.7 | 16.8 | 20.2 | 22.7 | 22.3 | 23.1 |23.2|22.6 |23 19 18.2 | 15.9
Lowest

MIN NINUTAIADAGUN

U

A1 TUFI9 WA, 2524-2541 YDINTUNNWA DIDIN LONATT

Usznoumsaeu maTuladens tazdunndonl Wi 136(WA.A5.05501 IATHTYAT 2551)
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45
40
35 —&— Extremes Heighest

30 7 Daily Max.

20 i i == Monthly Mean
15 Daily Min.

—i— Extremes Lowest

Latitude : 13 44 N
Longitude : 100 34 E
nsmludaanaguunll Tuee WA, 2524-2541 ¥0INFUNHA 81989910 tONA1TUsTNOUNS
adou maTuTadorns uazdunadent wih 136(WA.A3.03591 ATHIUAT 2551)
Climatologically Data For The Period 1981-1998 (2524-2541)
Station Bangkok Metropolis : RELATIVE HUMIDITY (%)

Elevation of station above MSL 2 Meters

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Monthly | 69.2 | 72.1 | 72.4 | 71.7 | 74.3 | 74.1 | 74.8 | 76 79.7179.1 | 71.6 | 67.6

Mean

01.00- 81.9 | 83.8 | 83.6 | 82.7 | 83.9 | 82.1 | 83 83.8 | 88.4 | 88.9 | 82.1 | 78.3
06.00

07.00- 7551768 | 758 | 74.6 | 76.5 | 754 | 76 77.1 | 81 809 | 74.8 | 72.2
12.00

13.00- 50 53.6 | 552 | 552 | 604 | 623 | 62.5 | 63.8 | 669 | 655 | 56.8 | 52.3

18.00

19.00- 69.2 | 743 | 752 | 743 | 76.5 | 76.6 | 77.6 | 79.3 | 82.6 | 81.2 | 72.7 | 67.6

24.00

4
aa v o 1 a
ﬂWﬁTQLLﬁﬂﬂﬁﬂ@]ﬂ’ﬂN‘dﬁuﬁNWHﬁ Tuw29 W.1.2524-2541 UBINTUNNA, fg)ijNﬂ'lﬂ ONEI

Usznoumsaeu maTuTladeins uazdaunadonl wi 136(WA.A5.05501 IATHFYAT 2551)
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Jan

Feb

Apr May Jun Jul Aug Sep

Nov Dec Annual

O Monthly Mean
0 01.00-06.00
007.00-12.00
0013.00-18.00
019.00-24.00

Latitude : 13 44 N

Longitude : 100 34 E

2
asluaasadan M FUFUITUT 1UB29 W.A.2524-2541 YBINTINNA, B1BINN 1ONEAS

Uszneumsaeu maluladeins uazdunadonl wi 136(WA.A5.05591 IATHFYAT 2551)

Annual Mean Maximum Temperature

in Thailand { Degree Celsius)

ENIINE o o o oo oo o S S N BN E BN B S R S B B e m e e e e e e e e e e e e e e e e e B S e e e e

31 53 535 57 3% 61 63 65 &7 &% U1 73 U5

Year

TIOT% OBl B3 85 B 8% 91 83 55 4T %% 01 03 05 07 09

—*~ Observed data — Trend

nsmludasguugiimdsgagaveilszmalnelusou 60 7 A 1951-2009 ($1989010051

gatonIne Uszinelne)
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23.0 1

[
(]
un

220 4

21.5 4

21.0

Annual Mean Minimum Temperature
in Thailand ({ Degree Celsius)

Trrrrr1 1rrrrrr1r1r1r1r1r1rr1r 11 11T T T T

31 33 35 57 39 61 B3 63 &7 68 T1 V3 73 77 73 81 B3 B3 &7 8% 91 93 %5 F7 8% 01 03 03 07 09

Year

—*— QObserved data = Trend

nsluaasgungiin

]
=

v E4
o

asdmaavoslszmealnaluson 60 3 dauail 1951-2009 (81999910051

a

gatouIne Uszinelne)

29.0 7

28.5 A

28.0 4

27.5 9

26.5

Annual Mean Temperature (dry bulb)
in Thailand ( Degree Celsius)

26.0
51

53 55 57 3% 61

63 65 &7 69 71 T3 75 77 79 Bl B3 85 87 8% 91 93 95 %7 9% 01 03 05 07 09

Year

—*= Observed data — Trend

[ 9
niuaasguugimdeveslszmalnelusou 60 1 Awuail 1951-2009 (319839105

gatoyIne Yszna'lne
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Mean Annual Rainfall in Thailand {(mm})

2000.0

1900.0

1800.0

1700.0

1600.0 4

1500.0 4

1400.0 4

1300.0 4

1200.0 -r-rrr-r-r—Tr-Tr-r-TT--—-TT—rr-T—T—TrTrrr-r-r—T—T—T—Tr T T T T T T T T T T
51 53 55 57 5% 61 &3 65 &7 6% 71 73 75 77 79 81 B3 83 BV BY 91 %3 55 HF 9% 01 03 05 07 09
Year

—+= Observed data — 3 Year Moving Average = Trend

asuaaalSuanirumasvealszmelneluse 60 3 dauail 1951-2009 (Br9v991A05U

gateuIne Uszma'lng)

Mean Monthly Rainfall in Thailand (mm)
30-year period : 1971-2000

JAN FEB MAFR AR MAY JOH L AUG SEP oCT Hov DEC
month

Y '
aruaasdTnanhdunasveslszmea negluuaazidou lusew 303 1971-2000 (31999910

nIugateuIne Uszma'lng)



AOAANNEANAR U wazUsunaineluaaslszinalneil 2553

ua. | AW, | fa. | wm. | wa. | fie. | e | & nel. an. we. | s@. | il
amu@ﬁmﬁﬂﬂZSSB 26.9 29.4 | 30.3 31.8 31.4 | 30.2 29.1 28.1 28.3 27.4 27 26.3 28.9
amuaﬁtaﬁﬂﬁai‘l%% 28.9 28.9 | 28.9 28.9 28.9 | 28.9 28.9 28.9 28.9 28.9 28.9 | 28.9 28.9
A1dnB 25.7 27.5 29.4 30.4 29.6 | 28.8 28.4 28 27.7 27.4 26.3 | 24.9 27.8
amﬂﬂﬁtaﬁﬂﬁdﬂﬁﬁﬂﬂﬁ 27.8 27.8 | 27.8 27.8 27.8 | 27.8 27.8 27.8 27.8 27.8 27.8 | 27.8 27.8
HasvAnAIUNG 1.2 1.9 0.9 1.4 1.8 1.4 0.7 0.1 0.6 0 0.7 1.4 1.1

ua. | aw. | fa. | ww. | wa. | fin. | e, | & nel. an. we. | sa. | el
WBunanineuadai
2553(1u.) 42.5 3.1 8.7 32.4 | 125.3 | 170.7 | 182.1 | 250.5 | 305.5 311.7 4.3 24 1460.6
AUnB 6.2 12.4 | 30.6 74.6 | 159.9 | 138.6 | 152.5 | 183.9 261 180.7 36.8 5.4 | 1242.6
N&Gh\‘]?nﬂﬁ"lﬂﬂﬁ(ﬂu.) 36.3 93 | -21.9 | -42.2 | -34.6 | 32.1 29.6 66.6 44.5 131 -32.5 | 18.6 218

Sel




MANUIN A

I Y v v A P < = A I a A
1. Waﬂ?1“!53a3~]5“f’)\113~l!ﬂa1nuﬂ?ﬂﬂ%ﬂu!!u‘]]ﬂ%ic] !Naauu]aluﬂﬂﬂ]\ic‘l (Iﬂﬂﬂ’g']lllﬁjaulﬂaﬂﬂqﬂu@ﬂmﬂﬂﬂzﬂﬂw A9 1.45 LUATADIUIN)

casel case2* case3
18 | an | feq | mAesfin | 18 | an | meq | mAesdia | 18 | en | ifles | maEesia
living
room average 0.051 | 0.057 | 0.056 0.055 0.095 | 0.115 | 0.061 0.090 0.049 | 0.053 | 0.065 0.055
max 0.274 | 0.283 | 0.426 0.328 0.514 | 0.717 | 0.467 0.566 0.245 | 0.283 | 0.430 0.319
min 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000
0.027 | 0.048 | 0.075 0.050 0.023 | 0.091 | 0.088 0.067 0.035 | 0.055 | 0.076 0.055
storage average 0.029 | 0.005 | 0.024 0.019 0.095 | 0.115 | 0.061 0.090 0.029 | 0.005 | 0.024 0.019
max 0.240 | 0.041 | 0.183 0.155 0.514 | 0.717 | 0.467 0.566 0.239 | 0.041 | 0.183 0.154
min 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000

-0.024 0.005 | 0.021 0.017 0.172 | 0.256 | 0.147 0.192 0.024 | 0.005 | 0.021 0.017

bedroom average | 0.082 | 0.066 | 0.004 0.050 0.095 | 0.115 | 0.061 0.090 0.076 | 0.067 | 0.004 0.049

max 0.287 | 0.280 | 0.022 0.196 0.514 | 0.717 | 0.467 0.566 0.381 | 0.339 | 0.027 0.249

0.000 | 0.001 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000

min
-0.101 0.062 | 0.004 0.056 0.119 | 0.093 | 0.012 0.075 0.094 | 0.067 | 0.005 0.055

wce average | 0.012 | 0.002 | 0.002 0.005 0.012 | 0.002 | 0.002 0.005 0.012 | 0.002 | 0.002 0.005

9¢1



‘ max ‘ 0.088 | 0.062 | 0.016 0.055 0.100 | 0.060 | 0.015 0.058 0.090 | 0.062 | 0.016 0.056
min 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 0.000
0.014 | 0.000 | 0.001 0.005 0.015 | 0.000 | 0.001 0.005 0.015 | 0.000 | 0.001 0.005
cased case5* caseb
18 | an | dles | mdesdia | 16 | an | fes | mdesdin| 18 | an | Fes | mdesdia
living
average room average | 0.200 | 0.339 | 0.415 0.318 | 0.437 | 0.373 | 0.345 0.385 0.269 | 0.382 | 0.485 0.379
max max 0.714 | 1.048 | 1.110 | 0.957 1.113 | 1.631 | 0.816 1.187 | 0.709 | 1.084 | 0.915 0.903
min min 0.001 | 0.003 | 0.000 | 0.001 0.000 | 0.001 | 0.001 0.001 0.002 | 0.006 | 0.007 | 0.005
0.247 | 0.451 | 0.565 0.421 0.464 | 0.469 | 0.586 | 0.506 | 0.278 | 0.434 | 0.596 | 0.436
average storage average | 0.073 | 0.173 | 0.210 | 0.152 | 0.437 | 0.373 | 0.345 | 0.385 0.079 | 0.175 | 0.215 0.156
max max 0.272 | 0.462 | 0.553 0.429 1.113 | 1.631 | 0.816 1.187 | 0.287 | 0.466 | 0.578 | 0.444
min min 0.001 | 0.005 | 0.004 | 0.003 0.000 | 0.001 | 0.001 0.001 0.000 | 0.005 | 0.004 | 0.003
-—- 0.073 | 0.175 | 0.211 0.153 0.731 | 0.559 | 0.294 | 0.528 0.079 | 0.177 | 0.217 | 0.158
average bedroom average | 0.143 | 0.092 | 0.061 0.099 0.437 | 0.373 | 0.345 0.385 0.232 | 0.103 | 0.178 0.171
max max 0.404 | 0.443 | 0372 | 0.406 1.113 | 1.631 | 0.816 1.187 | 0.683 | 0.477 | 0.760 | 0.640
min min 0.001 | 0.001 | 0.000 | 0.001 0.000 | 0.001 | 0.001 0.001 0.001 | 0.000 | 0.001 0.001

LET



-—-0.273 0.140 | 0.070 0.161 0.376 | 0.140 | 0.301 0.272 0.357 | 0.169 | 0.164 0.230
average wce average | 0.170 | 0.021 | 0.013 0.068 0.177 | 0.008 | 0.007 0.064 0.180 | 0.020 | 0.010 0.070
max max 0.558 | 0.085 | 0.043 0.228 0.583 | 0.048 | 0.035 0.222 0.592 | 0.082 | 0.037 0.237
min min 0.002 | 0.000 | 0.000 0.001 0.002 | 0.000 | 0.000 0.001 0.002 | 0.000 | 0.000 0.001
-— 0.214 | 0.024 | 0.020 0.086 0.221 | 0.010 | 0.011 0.081 0.225 | 0.023 | 0.016 0.088
case’
18 | an | fes | mdesie
living
room average | 0.536 | 0.313 | 0.313 0.387
max 2.360 | 0.872 | 0.872 1.368
min 0.001 | 0.000 | 0.000 0.001
- 1.086 | 0.467 | 0.467 0.674
storage average | 0.536 | 0.313 | 0.313 0.387
max 2.360 | 0.872 | 0.872 1.368
min 0.001 | 0.000 | 0.000 0.001
- 0.659 | 0.395 | 0.395 0.483
bedroom average | 0.536 | 0.313 | 0.313 0.387
max 2.360 | 0.872 | 0.872 1.368

8¢l



wC

- 0.237

min 0.001 | 0.000 | 0.000 | 0.001
0.307 | 0.307 | 0.284
average | 0.014 | 0.073 | 0.073 0.053
max 0.106 | 0.257 | 0.257 | 0.206
min 0.000 | 0.000 | 0.000 | 0.000
0.086 | 0.086 | 0.062

! 0.013

% =

2. MsaNmasveAaznIaAnE ieauiian)y 3 Navian Ao Nald NAAZIUAN tazNANS TUAND

ﬂawu!,?aaugaﬁamaaﬂqumw VINNITNYE 1.45 m/s
average case 1 case 2 case 3 case 4 case 5 case 6 case 7
living_s 0.051 0.095 0.049 0.200 0.437 0.269 0.536
living w 0.057 0.115 0.053 0.339 0.373 0.382 0.313
living_sw 0.056 0.061 0.065 0.415 0.345 0.485 0.313
storage s 0.029 0.095 0.029 0.073 0.437 0.079 0.536
storage w 0.005 0.115 0.005 0.173 0.373 0.175 0.313
storage Sw 0.024 0.061 0.024 0.210 0.345 0.215 0.313
bedroom_s 0.082 0.095 0.076 0.143 0.437 0.232 0.536

gala

6¢1



bedroom_w 0.066 0.115 0.067 0.092 0.373 0.103 0.313
bedroom_sw 0.004 0.061 0.004 0.061 0.345 0.178 0.313
WC_S 0.012 0.012 0.012 0.170 0.177 0.180 0.014
WC_W 0.002 0.002 0.002 0.021 0.008 0.020 0.073
WC_SW 0.002 0.002 0.002 0.013 0.007 0.010 0.073
ANUS AT 0.389 0.829 0.386 1.911 3.657 2.328 3.646
mmﬁaau

Lﬂéﬁl 0.032436 | 0.069089 | 0.032157 | 0.159259 | 0.304736 | 0.193963 | 0.303808

orl1
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