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The Concept of Energy Conservation in Architectural Design
and the Creation of Modern Thai Architectural Identity

Rungrat Tengkaoprasert

Abstract
The concept of energy conservation is not only a part of green architectural
design, but also an important element in the creation of a Thai architectural
identity. The objectives of this research are to 1) review and collect theories
and concepts of engrgonservation in architectural design from academic
papers; 2) conduct surveys of architecture in various regions in Thailand,
which are prominent and relevant to this concept; and 3) interview
professional and academic architects. The results of thesaesc h , AThe
concept of energy conservation in architectural design within a Thai
context, o0 consists of five fundament al
design, such as building ventilation and natural lighting; 2) active design,
such as building climateontrol and optimization of electrical equipment
and appliances; 3) usage of green areas in Thai architecture, such as tree
plantations inside or around the building, vertical gardens, roof gardens and
reducing or replacing impervious surfaces by planjsdesign following
function and utilization by grouping functional areas or zoning from natural
zones, passive zones, sgmassive zones and control zones in buildings;
and 5) construction method design, such as reducing the quantity of material
use and aostruction waste and introducing the use of low environmental
impact materials. According to the results of this research, professional and
academic architects mainly focus on two principles: passive design and
design follows function, while only a few egrated all five principles.
Further mor e, the interviewees perceived
or fAgrey areao is a climatic responsi ve
Thai architectural identity. In conclusion, an analysis of several casiestu
showed that passive design, use of green areas, and design following
construction processes are the major design principles of Thai architecture
that transformation but still cohere.

Keywords: Energy Conservation in Architectural Desi@reen Archiécture
Thai Architectural Identity
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Introduction

After the industrial revolution (175@.850), the concept of overcoming
nature with scientific knowledge created many innovations in the world.
The worl dos economy was gr owi ng strong
productivityandspending. This lasted until the eggrcrisis period (1970s),
when discussions built regarding the oil crisis (1973) and environmental
crises, such as the greenhouse effect, ozone hole, urban heat island, acid rain
and,especially,climate changeThis situatiorhascreated increased energy
CONscCiousness.

An architectural society should be aware of and responsible for the
environment by designing architecture with energy conservation, which
integrates scientific knowledge and local wisdom, in miflde people in
Southeast Asia and Thailandei coexist with nature. Their settlements are
often on the edge of a river, so the houses are elevated, allowing for floods,
and in the shade of trees, as in Figures 1 and 2.

Figure 1. Thai House Located at River Front, Bangyai, Bangkok, Thailand;
The Enrance Located to the River
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Figure 2.Big Leather Museum, Khanon Temple, Ratche}buri
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Source:Inpantang, Vira, 2011.

filn the United Kingdom, some 4®0% of the national consumption of
primary energy i s uAserdothéer@ountriesyimdredi ng ser v
than half of energy consumption is spent on buildings, especially in capital
cities. Energy conservation for buildings, in addition to reducing the cost of
the building, also redes the overall energgonsumption, and thus the
environmental impact.

The concept and hypothesis in this research, namely that Thai
architecture in the past was designed to be environmentally responsible with
low energy consumption and low environmentapatt, is representative of
a key issue within energy conservation. The study looks at the concept of
energy conservation in architectural design tinedcreation of modern Thai
architectural identityas part of a research project on green architecture and
sustainable development, which observed concepts and principles of energy
conservation and Thai architectural identity from the past to the present. The
result of this research will be a guideline to design a modern Thai architecture,
that suitable for msent economic, social aralso be responsible for the
environment.

Literature Review

In the past, Thai people settled near the river because it was convenient
for living and transportation. Thai architectural identity consists of wooden
houses, raisebasements, courtyards and trees in or close to the building.
They are divided into indoor space, samdoor space and outdoor space.
The living area in a Thai house has an eaves space and a terrace with big

! Traditional Thai House: one of the many special architectural elements was a big tree in
the courtyardBuild a House and Plant a Tree.

2 Randall Mcmullan Environmental Science in Buildin@lew York: Palgrave Publishers

Ltd., 2003, 345
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trees, and the area for living can be used mfoot without energy, as in
Figure 3.

Figure 3. Traditional Thai House, in Some House was plant a Big Tree in
Courtyardor Terrace, that for Thermal Comfort

(1) INDOOR
(2) EAVES SPACE
(3) TERRACE

(4) PATIO

Source:Adapted from Jaijongrak, Ruetai, 2000.

The concept of energy conservation in architectural design utilizes
integrated technology, as well as scientific and local wisdom, in order to
reduce energy consumption and to createoanfortable zone. Givoni
identified the four principles of comfort zogeeation? as follows:

Ventilated Coolingis the principle of cooling with cool air through,
when the wind through the occupiers will cool down.

Radiant Coolingf s t he principle of temperatur e
surface. This can be applied with a Ibing envelopment, for the
appropriate temperature transfer at an appropriate time and function area.

Evaporative Coolingwhen water evaporates, draws heat energy from
the environment to reduce the temperature. Therefore, there are increases in
the sprayin the air and evaporation. When the water evaporates, the
temperature decreases.

Cooled soil as a cooling source for the buildiaiga depth o2-3 meters
from the surface, the soil is at a lower temperature, which means that the
soil can be a coolingource.However, this principleis rarely found and
applied in Thailand.

® Ruetai Jaijongrak,Ruen Thai Derm(Bangkok: Thammasat University printing house,
2000.

“ Baruch Givoni,Passive and low energy cooling of buildiflgew York: Van Nostrand
Reinhold. 1994)3-19.



ATINER CONFERENCE PAPER SERIES NARC20172341

When the weather is hot, people often siayair-conditioned areas.
Electricity consumption for air conditioning systems accounts for at least
half of the total power consumption biiildings. Thereforethe concept of
energy conservation in architectural design should to apply to all processes
of a project life cycle from the design stage to the construction stage,
occupancy stage and renovation staijgs research compiles tipginciple
of architectural design for energy conservation in five ways.

Passive Design Concept

Passive Design is the concept of building structures based on the
principle and potential of natural energy to create a comfort zone for the
occupant. Natural entilation and natural lighting are the most natural
energy applications in this design.

Natural Ventilation

The three methods of designing architecture can be applied with natural
ventilation for creating a comfort zone.

Ventilation through various openings may occhy designing a
building with openings or using a brick vent to allow the air through.

Ventilation through the space under a house found in Thai
architecture and throughout Southeast Asia. The houses albywaised in
the basement due to the settlements being in flood areas, and that space
allows good wind flow.

Ventilation through the space under the roefich is a heat storage
space, needs to be vented through ventilators.

Figure 3 shows the elemeraga traditional Thai house that have been
designed to allow the wind to blow through in a variety of ways. The-semi
indoor areas and outdoor area are the living spaces between daytime, which
also express traditional Thai life style.

Natural Lighting

In the application of lighting design in buildings, direct lighting and
indirect lighting depend on functional areas, because heat comes with light,
which increases the load on the air conditioning system. Designers must use
the appropriate design techniques account for this. This paper has
compiled four approaches to the use of natural light in a building: light from
the side of the building, light from the top of the building, light through the
hallway or large openings, and reflective surfaces or fightheets. These
methods rely on technology and architectural elements to reduce heat
radiation or glare, such as a shading device for light filtering, tree planting
and low emissivity glass, which allows light to pass through but filters heat
energy.

® Awiroot Srisutapan and Panjira Tisawip&aylight in ArchitecturgPatumthani: Thammasat
University Printing, 2009), 489.
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In Thai architecture design concepts, natural light and ventilation have
been integrated by designing the light from the top and sides, and raising the
basement for the wind to pass through, as in Figure 4.

Figure 4. Temple Women's Shelter, Wat Pa Wachirabet, Chonbufi
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Source:Prasertsuk, Santirak011.
Active Design Concept

Active Design is based on technology or innovation that saves energy.
Boonyatikarn (1999) saii The de s i gsaving huildiegs shouldy
use the most benefit of natural potential, while seeking the least energy
consuming processes and technologies to enrich quality of life without
compromising the environmenrdws. The

Case Study of Aiconditioned Area

The main source of energy consumption is temperature adjustment.
Therefore, the method of reducing energy consumption of the air conditioning
has to integrate aspects of specific knowledge. The basic princitiatis
"Allowing outside air to leak into the building results in huge amounts of
energy loss" (Boonyatikarn 1999). Therefore, the air temperature control in
air-conditioned areas has to control air leakage and control the relative

® This shelter was designed with small skylights amdised high floor, so that natural light
and wind would enter the building. During the day, this building uses little energy. So,
these architectural elements make the occupiers feel comfort.

case

«
p
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humidity. In Thailand, theverage relative humidity is 724%, while the
appropriate relative humidity is 40%6.

Figure 5 shows the working principle of a general air conditioner and an
air conditioner with a heat pipe. In general, air conditioning acts to reduce
temperature and umidity, so the cooling coil in the air conditioner is
modified by adding the heat pipe, optimizing it for dehumidification and
energy efficiency. Another way to increase the energy efficiency is to turn
on the air conditioner all day (24 hours), becauserstant temperature will
reduce the cooling load.

Figure 5. Comparison of Working Principle of General Air Conditioner and
Air Conditioner with Heat Pipe
WORKING PRINCIPLE OF GENERAL AIR CONDITIONER

COOLING COIL
12.8°C(55F), } 26.7°C(80F), |
95%RH [ & } 60%RH
1 |
v v
COOL AR .‘ V. N :?*TUXAV{;T;:' i
INTO BUILDING | 2A ) (1A )
FORM OUTSIDE
REFRIGERANTS + * REFRIGERANTS

ouT IN

WORKING PRINCIPLE OF AIR CONDITIONER WITH HEAT PIPE
HEAT PIPE LOOP

COOLING COIL

i | 26.7°C(80F),
! o e |
‘ /1 - "‘1,,_;, = HOT WAETHER
INTO(;SJ)EI[.):\:Z (28 ) NG (é;'ch (1B) & HUMIDITY
\\(‘l L \(l 2 FORM OUTSIDE

e
REHEAT SECTION ’ PRECOOL SECTION
REFRIGERANTS+ * REFRIGERANTS

ouT IN
Source:Boonyatikarn, Soontorri,999.

12.8°C(55F),
85%RH

Case Study of Optimization of Electrical Equipment

Currently, the development of energy efficient appliances, such as
energysaving appliances and longasting LED lights, use less power and
less heat. In addition, elevator systems in figh buildings, when they are
intelligent systems, can calculagad identify which lift to send to the
callers. This increases the efficiency of the transportation and saves more
energy in the building.

"Department of MeteorologyRelative Humidity
® Soontom Boopyatikarn, Energy efficient home design technique for better quality of life
(Bangkok: Property market co., Itd, 1999).
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Green Concept

Many large trees can reduce temperatures in the daytime as the trees use
solar energy and thenvironment to live. They also absorb water from the
soil and convert it into steam that is lost from the leaVéese processes
use abouR,200 BTU of thermal energy to convert otieer of water into
steam, so a big tree can absorb water from the sdicanvert it into steam
at about65 liters/day, which means big trees can reduce the heat in the
environment equivalent to air conditioningX#,000BTU/hr (daytime is12
hrs). Thus, temperature reductions can be created by planting trees and
building gpropriate environments, as shoimnrFigure 6.

Figure 6. Diagram Showing Group of Large Trees Afliiog Solar Radiation,
when the Wind through the Bush is Absorbed and Reduces the Hot
Temperature

Source:Boonyatikarn, Soontorr20027

In the past, the Thai style garden had no clear form or order, and was
unrecognized amongst the Chinese Garden, Japanese Garden, Spanish
Garden and French Garden. However, Sukawattana (1996) collected and
explained the green areas of Thailand in two categofunctional green
area and vegetation grearea™® The detailsare as follows.

Functional Green Area

(1)The Royal Gardernthe king's garden is a private, natural and cleanly
decorated area, located outside the city wall.

(2)The Public Parkthis was rarely found in Thailand in the past. In
addition to the M@ASugar Palm Forest o,
hearing area and a Dharma area.

® Soontorn Boonyatikarrintegrated Design Approve: Shinawatra Univers{§angkok: G
M Max Media, 2002

9 Kaiseang Sukawattan&uanThai (Bangkok: Chulalongkorn University printing house,
1996.

10
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(3)Landscapeoften found in only palaces and temples, the composition
of the space often uses bonsai, pottedtpland artificial mountains.
This area is for ceremonial and religious purposes.

(4)Water Garden this was formed with the digging of the pond for
consumption, after which they began to plant lotus for beauty and
the worship of Buddha.

Vegetation GreeArea

(1) Large perennialsor sacred trees, was often planted in the courtyard
or around the house in some direction according to the principle of
faith.

(2) Medium and small perennialare trees planted for food and for
shade. These trees, such as marngokfruit, longan, etc., are
commonly located in the middle of a courtyard.

(3) Flowers and busheglanted in the ground and in pots, were mostly
plantedon entrance stairs and around fences as aesthetically pleasing
symbols of hospitality. This vegetation was usually fragrant. In the
case of the potted plants, these show the social status of the wealthy
and are located in the space under the eaves aod.pat

(4) Vegetables and herpglanted for food and for body treatments,
were commonly planted in the backyard or around fences.

The objective of planting in traditional Thai architecture was to provide
shade for living spaces, relief from higgmperaturedpod and symbols of
belief and ceremony. There are many types of planting that have been found
to be related to Thai architecture, such as planting trees in the middle of a
courtyard, planting big trees near and around the house, plant@sgirra
natural water resource or pond, and planting trees in pots, etc.

Grouping Functional Area Concept

Behavior and building occupancy have a significant impact on energy
consumption. In the design stage, the architect might design and plan to the
owner 6s requirements or some assumptions
passed to the occupants, they migaven different behaviors or create new
functions. Therefore, the building manager should follow, monitor and
analyze the behaviors for managing the efficiency of energy and the area.
The principle of grouping functional areas for energy management should
be performed according to the activities described in Table 1.

11
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Table 1. Groupings of Functional Areas, Categorized by Activities and
Level of Thermal Comfort

Zone Detall Activities and Function

Outdoor area.

Weatherchanges all the time.
Landscape can be designed to be
comfortable.

Casual activity such as
walking, sitting and
exercising.

Natural Zone|

Semiindoor areas that rely on naturg
and architectural elements to preven
Passive Zong environmental influences, but still rel
on natural energy, such as wind and

Canteen
Multi-purpose hall

natural light.
Indoor area, uses a mechanical cont
Semi system for comfort zone. Corridor
. Transition area between passive zorn Casual working area
Passive Zong
and control zone. Rest area

Temperature transition area

Concentration area, such
as meeting room and
working area.

Control Indoor area, where mechanical
Zone dependencies completely control.

Source:Adapted fromBoonyatikarn, Soontorr£002.
Construction Method Design

In addition to considering the orientation, functional zone, passive and
active designs, material production and the construction process that creates
waste and impacts the environment, architects must be aware and
environmentallyresponsible in the building design stage.

The Thai Green Building Institute, under the supervision of the Thai
Green Building Foundation, has set up a green building gauge system called
AThai 6s Rating of ESesggi mai IBntvyi r OhREBS
TREES for New Construction and Major Renovation Version 1.1 (TREES
NC Version 1.1) states in Division 5: Materials and Resources, which are
divided into three suldivisions

(1) Reduce new materiaby maximizing the use of exiag buildings or
by reusingmaterials.

(2) Reducing construction wasthould start at the beginning of the
design stage, construction stage and should manage waste and
separate the types of waste.

(3) Use of low environmental impact materiahvironmentally friendly
material, natural materials and local materials should contribute to
lower the energy consumption for transportation.

Traditional Thai Architecture belongs to the energy conservation
buildings, with the principle of passive desigoncepts, such as using

' Thai Green Building Institutel h a Radirg of Energy and Environmental Sustainability
for New Construction and Major Renovati@®angkok: TGBI, 2013

12
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natural lighting and ventilation, planting trees to reduce the temperature and
also construction design methods, such as material production and timber
modular system.

The case study of the Lanna Rice Barn Homestay in Chiangmaesh
that owner Adul Heranya collected 20 ancient rice barns, which were
adapted to be a homestdyA Thai vernacular house is a building that can
be dismantled and transported, because the use of materialsaeffectste
and reuses buildings. This diiy is representative of the culture,
knowledge and wisdom of the Thai ancestors (see Figurdhgt also
complies with the TREES criteria for the division of materials and
resources, reducing the new materials and reducing the construction waste.
Therefore, the Thai vernacular architectigea unique architecture that is
environmentally friendly and compatible with nature.

Figure 7.Lanna Rice Barn Honslaﬂaay'l3
. s,

Source:Heranya, Adul, 2013.

The principles of energy conservation, compiled from documents and
textbooks, show that most energgving designs follow the same principles
as the Thai architectural design derived from the wisdom of ancestors. In the
project life cyclei from the feasilhity study, programming, design, and
construction to occupancy and renovafioall processes should be planned
and designed with the concept of energy conservation.

Methodology

The main steps and the scope of the research are summarized below.
Studyof Concept of Energy Conservation Architecture

Theoretical studies from academic papers define principle of
architectural design for energy conservatidhese include case studies of

relevant architectures by analyzing architectural elements dkptess
Ai nheritanceodo or fAtransformationo from TI

'2|_Urban,Lanna Rice Barn Homestag013
3This building was adapted aneHuilt form Rice Barns, in Thai Vernacular Architecture.

13
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Conducting Surveys of Architecture

Conducting surveys of architecture in various Thai regions depends on
the list of architectural sites determined by the research committee. These
cover the architectural case studies in Step 1 and the distinctive characters
that correspond to the conceptloe research.

Interviewing Professional and Academic Architects

Both professional and academic architects were interviewed as they
were the architects who designed the buildings in the surveys. Interviews
were conducted to find the ideas and inspiretifor the design, as well as
to understand the creation of modern Thai architectural identity.

Integrative Data Analysis and Discussion of Results

Integrated data analysis, field surveys and interviews with professional
architects and academics led te tlresults of this research. The results of
this research were discussed with the research committee, leading to the
pointofii nheritanceo or Atransformationo fro
under the concept of energy conservation for present and future societies.
The analysis of Thai architectural identitglated tothe concept of
energy, which canclassityhe ar chi tectur al el ements by
Atransformatifond, defined as:
Inheitance refers to the continuation of the pattern, materials and
traditional construction methods, in accordance with their beliefs, ways of
l i fe and traditions. Tamcelower leaelsenayl evel s of
be the beginning of a transformation.
Transformationrefers to changes in the pattern, materials and new
construction methods that are based on the climate, beliefs and some
traditions. These are the patterns that reflect the basic abstract and the
present social context.

Results

The results from this research came from two sources: sampling and
interviewing with professional and academic architects. The results are
based on combining principles and theories, as follows.

Results of Sampling
Integrating the analysis data leddiscussion and conclusions about the

architectural elements under the concept of energy conservation. This
produced a classification of the archite

14 Vimolsithi HorayangkuraBoosakomSettaworaki and Vira Inpantang,The Creation of
Modern Thai Architectural Identity: Fundamentals of Thai Architectudatity (Bangkok:
JBP Center Co., Ltd., 2015);96.

14
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Atransformati ono, based on theyprinciple
conservation in five ways.

Passive Design Concept

The case studies found five architectural elements:

Ventilated walls

Elevated floors

Space under the roof / Eaves space
Shading devices

Small skylight

The architectural elements are designedety on natural energy and
creat e nidloeomi spaceo for the | iving area i

The case studies of inheritance were i
Figure 8) ADhar ma Hous eRi c(es eBea r Miog u(rsee el |
Figure 7). The common physical aspects
Afsome ventilated wall so. Due to the spac

user can live without air conditioners.

Figure 8. Ri r kr i t Tiravani j agExblioguBudget Gr adual |
and Av0|d|ng Existing Tre&s

Source:Tengkaoprasert Rungrat. Settaworakit, Bootsakorn and Horayangura, Vimolsithi,
2011.

The case studies of transformation wer ¢
Figure 11) ntiaPaay a demlewoients shelteroWat pa

Wachira Banphoto (see Figure 4) Oper a
Economi cs, Kasetsart Universityo, i Ma h
AChul abhorn Graduate I nstitute Buil din
constructions used modern materials. Most of the buildings are public buildings

with complex spaces, but they still have physical features that reflect the Thai

architectural identity, such as the elevated floors, the small sky light and use

some ventilad materials.

t
I

(

!> The architectural element of this house contributes to the-iselmir space distributed
around the house. It also has the appearance of the elevated floor, receives the natural light.
And one important is the concept of maintain the existing trees that make the house shady
and reduce the temperature.

15
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Active Design Concept

Architects have to integrate their knowledge of different building
technologies and decide on a selection of architectural elements, such as
Aaut ognlaadicng devi ces o, Afefficient air cor
electric applianceso, etc.
The conclusions from the case studies related to aspects of the active
design concept showcasing Thai architecture identity as a transformation from
the past, such as:
The Kasikorn BusinessTechnology Group (KBTG) Building is

Thailanddés first financi al i nstitution o
NC Platinum certification in the category of new construction or major
renovatonThe buil ding envel opmemdver,the Al nsul t e

open floor plan allows natural light through and uses special air conditioner
technology, which saves energy. The building can save 50 percent of the water
supply, because it has a water treatment system for reuse.

In the Bio Solar Housegrchiect Soontorn Boonyatikarn integrated his
knowledge of energy saving mechanisms with architecture design. The Bio
Solar House saved 15 percent of the general building energy consumption.
The important technique here was the efficient solar cells on teé tiof
at 35 degrees, and the tilted roof at 25 degrees for trapping the water and the
dew into the rain gutter through a vertical channel into the sand pond to
filter the water, so that the house does not have to rely on a water supply,
and also uses ¢htreated waterHe created a green environment with trees
for shading, which control the climate around the house, as in Figure 9.

Fiure 9.Bio Solar House

S T Y g
v 45

Source:Boonyatikarn, Soontorr2004.”

Green Concept

The green area or planting area t&treated in various patternghe
physical characteristics of the case studies included planting large trees in
the terrace, planting trees around the building, paving the turf block, vertical
garden and roof garden.

'® SoontornBoonyatikarn,Bio-Solar home: It is power by the S(Bangkok: Chulalongkorn
University Press2004).

16
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The case studies arfma ntheusddn(cee eveFieg Uir
It

ARI rkr Tiravanijabs Houseo, AREast Hous
Artso, ATemple women's shelter, Wat pa V
Learning Centero. These had Athe big tre

andinside he buil di ngo.

Figure 10. Dharma House, Chiangmi

- . L] .~‘|M="'
ST T
Source:Faculty of Architecture, Chulalongkorn University alumni associa@i1.”

The case studies of green concepts of t
Hot el aOpedati on Buil ding of the Faculty
Uni v e rTesethgdoplanting patterhso | | owi ng fAvertical gar
gardeno and dAturf blocko.

Grouping Functional Area Concept

The grouping of areas occulmsed on activities and hierarchy from

Anatur al zoneo to fAcontrol zoneo. This al
Thai architecture, including a hierarchy
Ai ndoor s p atheecase studyolwansomath was A Shi nawatr e
University Buildingso.

Construction Method Design

In the construction process there is a lot of waste, but Traditional Thai
Architecture is built from natural materials, such as wood, and knocking
down the system causes less wabhes stems from an understanding of the
limitations and properties of the materials, which is different to the general

construction. The samples designed with |
iLanna Rice Barno, AAr s aom aSidl pi Plamsytaidtewnt e
I nternational School 0.

" This is a place for a gifamily to live in and is designed for several functions, such as
office space, Dharma pavilionpservatory and bedroom pavilion. This house does not use
air conditioners, but it is comfortable because of the old big tree that creates shade and
reduces he temperature, while the architect created a gray area from shade for the
architectural elements, such as patio, terrace, eaves and elevated house.

18 Faculty of Architecture. Chulalongkorn University Alumni Associatia®A07: Dharma
House(Bangkok:Amarin Printing & Publishing Pcl., 20)1

17
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Results of Interviews with Professional and Academic Architects

The interviews showed that most architects mainly focus on the passive
design concept and the grouping functional areas concept. Some architects
had a comprehensive design concept of energy conservation, which
integrates all energyaving approaches togeth This includes the architect
Soontorn Boonyatikarn, who integrated a variety of ideas about energy
saving to design a home eneggving facility with about 15 times that of a
typical building. On the other hand, when Architect Chaiwat Limwattananon
wasinterviewed about the architectural design of his firm, it was mainly the
concept of energy conser vafileclinalggy such as |
Group (KBTG) Buil ding, 0 which was appro
certification.
The outstanding case studyat integrated energsaving approaches is

ATonkhao Paninés House, 0 as in Figure 11,
Figure 11. Tonkhao Paninés Hous e, Thai Ar c

Tranformatioﬁ9

I =

i1l
i

Discussion

Traditional Thai architecture isreated for living in thermal comfort
that is designed for a warm humid climate and almost does not consume
energy. Presently, the way of life is changing due to economic, social and

%1t was designed with ventilated materials, big trees in the courtyardjrsgoor area at the
elevated floors and reuse of some old materials for demonstration, these are consistent with
the concept of energynservation.
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