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Research Title: Sustainable Solar Houses Design in Bangkok
Researcher: Associate Professor Suphawadee Ratanamart

Faculty: Architecture Department: Architecture and Planning
ABSTRACT

The research for concept study of a sustainable house design in Bangkok originates from
the design for houses featuring low energy consumption, where the design adapts to the
climate of >Bangkok, features the use of trees and landscape architecture, and formulates
housing plan in accordance with the sun path diagram to facilitate the micro climate. This helps
to reduce the ambient temperature of the house, save electrical energy from the use of air-
conditioning syé.tem with the application of Passive and Low Energy Architecture; the design of
inlets to allow good ventilation and natural lighting to primarily promote living comfort. The
houses in design should harvest solar energy for electricity generation as needed in case of
electrical power supply shortage: this includes for kitchen stove, lighting, fans, electric water
pump, computers, and so on. It is observed that the required daily electrical power
consumption would be at least 5,788 watts-hour per day, and there are 29-30 solar cell
modules, where one solar panel is capable of generating up to 200 watts-hour of electricity. The
installation and application of solar cells modules on rooftop is restricted in terms of the roofing
inclination and inadequate setup area to accommodate the number of solar panels required for
use. Installing the solar cells separately from the house framework can be accomplished more
easily and results in greater efficiency and productivity, where the open space for installation
near the house should have the area of at least 60 square meters.

The sample house used for case study is located in Chatuchak district, Bangkok, does
not have sufficient roof area for installation of solar cell modules, so the design features
installation of solar panels in open area, i.e. rooftop of car park and walkway to the house, since
this house utilizes the open space to promote comfort and reduces the use of air-conditioning

system, together with a tranquil garden to generate a comfort ambiance in almost every season.

Keywords: Solar Home, -Sustainable Home, Alternative”’Energy Home- Design, Photovoltaic

Home Design,:Solar Sustainable Home
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Building Information

Project Name: House 02
Building Type : Hotel & Hospital
Location : Bangkok

Building Energy Comsumption

Building Energy Comsumption : 20,151.49  kWh/Year
Energy from PV System 0  kKWh/Year
Net Energy Consumption (Evaluated Building) : 20,15149  WWh/Year
Net Energy Consumption (Reference Building) 1 41,153.18  kWh/Year
Building Energy Code Compliance : ... Passed

Building Envelope System
OTTV (All Zones) ; 1695  Wimn~2
OTTV (A/C Zones) : : 1895 W/m~2
Code OTTV ; 30,00 W/m~2
Buliding OTTV Status : e . PESSED
RTTY (A/C Zones) : 553  W/m~2
Code RTTV & 1000  W/m*2
Building RTTV Status : o Pagsed

Building Lighting System
Total Power : 408.00  Watts
Total Building Area : 13644 mA2
Power Density : 298 W/ mA2
Compliance : 1200 W/ ma2
Lighting System Status : y Passed

Building Eneray by Floor

zZone 4002 WAl Roof oy mrv o uep cop . EPD (ggfé'l VENT  Total Energy
Floor (mr2) (mA2) (me2) W/mA2) (W/mA2) (WmA2) (W/mA2) mA2) {(W/m~2) (kWh/y)
1 13644 14131 13861 1695 553 299 326 000 010 025 20,151.49

Building Enerqy by Zone

Zone Wall  Roof OTTV RTTV LPD EPD OCCU YENT Energy Energy Energy

Zone Arez  Area  Area (W/ (W/ COP(W/ (W/ (head/ (W/ Lighting Equipment A/C  Total Energy
Name  (h2y (mn2) (MAYmA2)mA2)  mA2)mA2)mA2) mAa2) (KAhYY)  (kWhiy)  (KWh/y) (ewhry)

Z1 39.96 47.57 4379 2080 4.12 326 2.40 0.00 0.10 0.25 B40.82 0.00 5,448.74 6,289.56

Z2 6824  67.26 6525 1662 7.31 3.26 4.22 0.00 0.10 0.25 2,522.64 0.00 8,553.29 11,075.93

Z-3 2824 2648 2957 10.87 3.69 3.26 0.5 0.00 0.10 025 210.28 .00 2,575.73 2,786.00

wh L «n 6
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OTTV by wall

Wall Name wall oTTV (W/ ma2) WWR
E Wall 13.77 0.27
N Wall 158.73 0.45
S Wall 16,40 0.39
w Wall 23.13 0.43
RTTV by roof

Wall Name Roof RITV (W/mA2) WWR
R Roof 35.74 0.00
RE Root 736 0.00 )
RN Roof 3.78 0.00
RS Roof 742 0.00
RW Roof 7.32 0.00
Section OTTV

Wall Name Section Name OTTV (W/mA2) WWR
E W-12 15.718 031
E W-14 9.739 0.20
N W-1 12,13 Q.50
N W-13 13.273 0.25
N W-2 18.116 0.00
N w-4 18,442 0.76
N w-g 19.346 0.52
S W-10 15.288 0.15
S Ww-11 17.663 0.15
S W-6 16.864 0.94
w W-3 27.461 0.60
w W-5 24.108 0.29
w W-7 20.758 0.73
w W-8 20.727 0.73
Section RTTV

Walt Name Section Name RTTV (W/m~2) WWR
R R-2 35.745 0.00
RE R3 7.362 0.00
RN R-1 2.594 0.00
RN R-3 7.075 0.00
RN R-4 3,687 ' 0.00
RS R-3 7423 0.00
RW R-3 7.317 0.00

ufh 2810 6
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Opaque Co ents in Wall

Uw DSH
Wall Name Section Component  Area W/ (7 Component Solar TDeq
Name Name (M 2) ma2e)  mAazo) Color  Absorbtance (C) Q
E w12 C-1 16.76 1.456 81.06 Surface of 0.5 7.501 183.044
pale color
E W-12 C-4 328 3.003 458.4 Surface of 0.9 1202 118395
dark color
E W-14 C-2 10.7 0.842 111546  Surface of 0.5 7.838 70.616
pale color
E W-14 C-4 0.48 3.003 458.4 Surface of 0.9 12,02 17.326
dark color
N W-1 C-2 5.8 0.842 1115.46 Surface of 0.5 6,395 31.231
pale color
N W-1 C4 0.46 3.003 458.4 Surface of 0.9 9.37 12.944
dark color
N W-13 C-1 2.57 1.456 81.06 Surface of 0.5 6.154 23.028
pale color
N W-13 C4 048 3.003 458.4 Surface of 09 8.37 13.506
dark color
N w2 C-3 3.83 3.472 147.84 Surface of 0.5 6.226 82.792
pale color
N W-2 C4 0.46 3.003 4584 Surface of 0.9 8.37 12.944
dark color
N W-2 C-5 2.18 1.6 104 Surface of 0.5 6.18 21.655
pale color
N wW-4 C-3 2 3.472 147.84 Surface of 0.5 €.226 43.233
pale color
N W-4 C-4 0.23 3.003 458.4 Surface of 0.8 9.37 6.472
’ dark color
N w.g C-3 1.91 3.472 147.84 Surface of 0.5 6226 41,288
pale color
R R-2 CR-2 13.23 3115 331.2 Surface of Q.5 11.475 472901
pale color
RE R-3 CR-3 53.72 0.419 15.36 Surface of 0.8 1767 395478
dark color
RN R-1 CR-1 29.01 0.367 20.705 Reflective 0.3 7.067 75.24
and white
surface
RN R-3 CR-3 53.72 0.419 15,36 Surface of 0.9 16.886 380.082
dark color
RN R4 CR-4 42.77 0.503 231.145  Reflective 03 7.33  157.683
and while
surface
RS R3 CR-3 §3.72 0.41¢2 16,36 Surface of 0.9 17.716  398.764
dark color
RwW R3 " CR-3 8372 0.419 15.36 Surface of 0.9 17.463 393.069
dark colar
8 wW-10 C-1 947 1.456 81.06 Surface of 0.5 7791 107.425
pale calor

W 3an 6



T ysuacﬂng Enetgy Cods

47

savnumsdssdivanansiantaitlsunsu BEC

APUEARTEIAY Pavernivng
S W-10 C-4 1.48 3.003 458.4 Surface of 0.9 12625 56,111
dark cotor
8 W11 C-1 5.3 1.456 81.06 Surface of 0.5 779 60.122
pale color
S W-11 C-4 1.68 3.003 458.4 Surface of 0.9 12625 63.694
darlc color
S W-6 c-1 0.55 1.458 81.06 Surface of 0.5 7.791 6.239
pala color
w W-3 C-3 1.96 3.472 147.84 Surface of 0.5 7.385 50.256
pale color
w wW-3 c-4 0.48 3.003 458.4 Surface of 0.9 11.62 16.75
dark color
w Ww-5 Cc-3 10.77 3.472 147.84 Surface of 0.5 7.385 276.151
pale color
%Y W5 C-4 1.81 3.003 458.4 Surface of 0.9 11.62 63.16
dark color
w W-7 C-3 0.32 3.472 147.84 Surface of 0.5 7.385 8.205
pale color
w W-7 C-4 0.35 3.003 458.4 Surface of 0.9 11.62 12.213
dark color
w W-§ Cc-3 117 3.472 147.84 Surface of 0.5 7.385 30
pale color
w W-8 C-4 1.28 3.003 458.4 Surface of 0.9 11.62 43.619
dark color
Transparent Components in Wall
Ut
Wall Section Component Area (W/ ESR
Name Name Name (mA2)  m~2C) pr(c) SHGC sc {(W/mn2) Q
N W-1 Ocean Green 6.24 5.74 3 0.6 0 80.676  107.453
Float Glass &
S W-10 Ocean Green 2 5.74 3 0.6 0 116,258 3444
Float Glass 6
S w-11 Ocean Green 1.2 5.74 3 0.6 0 116,258 20.664
Float Glass 6
E w-12 Ocean Green 9.03 5.74 3 0.6 a 106,978 155.497
Float Glass 6
N W-13 Ocean Green 1 5.74 3 0.6 0 80.676 17.22
Float Glass 6
E W-14 Qcean Green 2.8 574 3 0.6 0 106978 48.216
Float Glass 6
N W-4 Ocean Green 7.02 5.74 3 0.6 [1} 80.676  120.884
Float Glass 6
w W-5 Ocean Green 5.23 5.74 3 0.6 0 102856  90.061
Float Glass 6
S W-6 Ocean Green 8.52 5.74 3 0.6 0 116.258 146714
Float Glass 6
W W-7 QOcean Green 1.84 5.74 3 0.6 0 102,856 31.685
Float Glass 6
w w-8 Ocean Green 6.69 5.74 3 0.6 0 102,856 115,202
Float Glass 6

w420 6
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N w-9 Qcean Green 2.04 5.74 3 0.6 0 80,676  35.129
Float Glass 6 -

Lightin stem by Floor

Zone Floor Total Power Total Area Power Density

1 408.00 Watrs 136,49 m~2 2.8% W/mn2

Lighting System by Zone

Zone Area Power Quantity in Total Power Power Density
oneName  ZeneFloor  “(mazy  (wyunity QUERYY poviohied 7one o) (W/mA2)
Z-1 1 39.96 8.00 12 0 96.00 2.402
z-2 1 68.24 36.00 8 0 288.00 4,22
Z3 1 28,29 8.00 3 0 24.00 0.85
D3 Air-Conditioning Unit
Coolini Power N
A/C Code A/CTyps Capaci?y Consumption Ferfarmance Compliance Status
AC1 Split Type 13.0D kBtufh 1.17 kw 3.26C0OP 3.22 Passed
{3.81 kwith)

Central Air-Conditioning System - Water Chiller Report

AJC System Chiller Name ,Equ-,i-g:: it

Chil!er“fvpé Quantity  Capacity Power Pesformance Comipliance Status

Central Air-Conditioning System - Other Equipment Report

. . .
AJC System Challer(TCg\ acity Tota(kl::’);m ) Performance Compliance status

Central Air-Conditioning Syster - Equipment List

A/C System Equipnient Name Equipment Type Quantity Capacity  Power Performance égﬁf;g:’:ge
PY Syste
System Name Efficiency (% Module Area  Azimuth Angle Inclination Angle  Total Energy
b Vi) (mA2) (degrees) (degrees) (kWh/y)
Hot Water System
Boiler Heat Purp Heat Pump Boiler Heat Pump

System Name  Boiler Type Efficioncy (%)  Type Efficiency (COP) Compliance  Compliance

Definition
Name Description
C-1 wilddmuswiauuninsiaaunia

whsane
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C-2
c3
Ocean Green Float Glas
c4
cs
CR-1
CR-2
CR-3
CR-4
w-1
W-2
W-3
W-4
W-5
W-6
w-7
W-8
W-9
W-10
w-11
w-12
w-13
W-14
R-1
R-2
R-3
R-4

Z-1

Z-2

Z-3
COM-FLU
FLU

ACL
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Bedroom

Studio

Studio

Shudio

Studio

Studio

Studio

tiving

Living

Living

Living
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Living

Bedroom
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Studio
Living Room
Bedroom
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Grid' Tied PV Components in Operation
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AadutRnTansaingunwing (Power Quality Meter)

PaeMIHIuATHaIS

Power quality meter shall measure and record the 3 phase true RMS electrical value in 2

categories which are Profile Recording and Event Recording.

Profile recording is the continuous recording of average, minimum and maximum RMS
value over 10 minutes period including Voltage, Ampere, Real Power, Reactive Power,
Apparent Power, Power Factor, Harmonics (Voltase, Current and Power up to 50th),
Voltage Unbalance (Unbalance Factor, Positive Sequence Voltage, Negative Sequence
Voltage and Zero Sequence Voltage) and Flicker (Short Term Flicker Index, Pst, and Long

Term Flicker Index, PLt). Note except Plt which calculate over 2 hours period.,

Event recording is the condition trigged recording of a voltage and current waveform of
an abnormal event including Voltage Sag (Dip), Voltage Swell and Short Interruption with
the minimum sampling resolution of 128 samples per cycle and allow user to adjust the

trigger condition.

Power guality meter shall comply with international standard IEC 61000-4-30 (povver
quality measurement method) class A performance, IEC 61000-4-7 (harmonics) and [EC
61000-4-15 (flicker).

The internal memory of power guality meter shall be enough to store all measurement

data at least 7 days without data loss.

Power quality meter shall have an internal battery backup for ride through capability at
least 1 hour in case of power supply failure and shall have an automatic restart function

in case of back up battery deplete.
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Gaft for Papers

A Sustainable Solar House Design in Bangkok

Professor S
ing Monghut's iestitide of Tectnoiogy Ladiravang. Thaileed

Abstract
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Article: A Sustainable Solar House Design in Bangkok
By Associate Professor SuphaWadeé‘ Rét‘anamart

Abstract

The research for concept. Study of a sustainable house design in Bangkok originates from
the design for houses featuring low energy consumption, where the design adapts to the
climate of Bangkok, features the use of trees and landscape architecture, and formulates
housing plan in accordance with the sun path diagram to facilitate the micro climate. This helps
to reduce the ambient temperature of the house, save electrical energy from the use of air-
conditioning system with the application of Passive and Low Energy Architecture; the design of
inlets to allow good ventilation and natural lighting to primarily promote living comfort. The

houses in design should harvest solar energy for electricity generation as needed in case of
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pump, computers, and so on. It is observed that the required daily electrical power
consumption would be at least 5,655 watts-hour per day, and there are 29-30 solar cell
modules, where one solar panel is capable of generating up to 200 watts-hour of electricity. The
installation and application of solar cells modules on rooftop is restricted in terms of the roofing
inclination and inadequate setup area to accommodate the number of solar panels required for
use. Installing the solar cells separately from the house framework can be accomplished more
easily and results in greater efficiency and productivity, where the open space for installation
near the house should have the area of at least 60 square meters.

The sample house used for-ease. study-is.located.in Chatuchak district, Bangkok, does
not have sufficient roof<area for installation  of, solar cell 'modules, so the design features
installation of solarpanels in open-area, i.e. rooftop of carpark and walkway to the house, since
this house utilizes the open space topromote comfort.and reduces the,use of air-conditioning

system, together with a tranquil garden.ta generaie.a.comfort@mbiance in almost every season.
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A Sustainable Solar House Design in Bangkok
Suphawadee Ratanamart
King Mongkut's Institute of Technology Ladkrabang

Associate Professor,
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® The 4" International Conference for Universal Design in Fukuoka 2012 During12-
140ctpber, 2012
Title paper: A Study on Barrier Free Conditions at the Stations of Mass Rapid transit
in Singapore
Authors: Osakaya Yoshiyuki, Muroraﬁ Institute of Technology, Japan
Aoyama Takeshi, Muroran City Council, Japan

Ratanamart Suphawadee, King Mongkut’ Institute of TechnologylLadkrabang, Thailand

® UIA 2011 Tokyo, The 24" Congress of Architecture, September 26-October 1, 2011
Title paper : COURTYARD DESIGN FOR BIOCLIMATIC HOME IN TROPICAL
CLIMATE, BANGKOK, THAILAND
Authors: Suphawadee Ratanamart*, Preecha Phuluang, Phuri Hatori, Jeerawat
Khamdee
*Associate professor, King Mongkut's Institute of Technology Ladkrabang, Thailand
Graduate student, King Mongkut’s Institute of Technology Ladkrabang, Thailand

® The 12" International Conference on Mobility and Transport for Elderly and
Disabled Persons (TRANSED 2010) June 2 — 4, 2010 Hong Kong
Title of Paper: Barrier Free Conditions of Mass Rapid Transit Stations in Hong Kong
Authors:Osakaya Yoshiyuki, Muroran Institute of Technology, Japan
Aoyama Takeshi, Mu.roran City Council, Japan
Ratanamart Suphawadee, King Mongkut' Institute of TechnologylLadkrabang, Thailand
Paper Number: A078, Proceedings of TRANSED 2010, USB Memory '

® The 3° International Conference for Universal Design in HAMAMATSU 2010
Oct.30(Sat) to Nov. 3(Wed) 2010, Hamamatsu City, Japan

Title of Paper: Barrier Free Project in Muroran City






