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Prior to the exploration of technology for thernw@mfort in Malaysia, this study
investigates Malaysia soil temperature to demotesttiae potential of applying the
technology in Malaysia. This preliminary investigat is significant since the EAHE
technology utilizes the underground earth soil aseat sink in warm climate
countries.The EAHE technologyhas been applied ssfualy for cooling means in
various building typologies in temperate as wellhas and arid countries. However,
there is little published data on EAHE operationhst and humid countries such as
Malaysia. The main factor that could give positresult to EAHE cooling technology
is the temperature difference between ambient aih@esnperature. This paper presents
measurements of air temperature and soil temperatrvarious depths up to 5m
underground in a month of October and November iml& Lumpur. The field
measurement was extended further measuring sqgierature at shallow depths in one

year, measuredonthe same site. The result showsttiameter underground, the soil
temperature is approximately 70C lower than theimasn air temperature, which was
340C. Therefore, used properly in appropriate apfibn, the EAHE cooling
technology may be economically significant in aigeémwith escalating energy cost and
global warming.
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INTRODUCTION

In 2007, a survey finding was reportedTihe Sar that Putrajaya, the youngest county of Malaysia ha
become another Urban Heat Island (UHI) with scarghiir temperature that goes up td@0This maximum
air temperature is found to b&Ghigher than other cities in Malaysia (The St@Q2). In Malaysia, this air
temperature is considered to be extreme sinceghal mverage temperature range is betweerfQ1db36.2C
(Malaysia Meteorological Services).

The environment as a whole in the urban contekifisenced by many factors, which are categorized
microclimate, natural environment and built envir@nt. Microclimate consists of the sun, humidiginrand
wind. Natural environment consists of the topogsaplegetation and existing toxins. Built environrhen
consists of built structure, traffic and energy amigastructure systems. However, the rise in @ngerature is
usually caused by the lack of natural environmerd the improper design of built environment. As #ie
temperature increases, buildings users will resouir-conditioning for thermal comfort, which ektas the
country energy consumption even more. A reporedt#tat air-conditioning consumes 64% of the tetadrgy
consumed in a typical office (Chan, 2004). Amongazs green and low energy cooling technology, HE&it
Heat Exchanger cooling technology has been suadbssipplied for building cooling in many countries
Therefore, this study investigates the potentialapplying the Earth Air Heat Exchanger (EAHE) cogli
technology in buildings in Malaysia by measurirgsoil temperature underground.

The EAHE cooling technology utilizes soil as athsak where heat from ambient air is dissipatedisoa
buried pipe, through conduction. The buried pipenttransported the cooled air into the buildingcega The
efficiency of EAHE cooling technology is largelyflmenced by temperature difference between its anttand
soil temperature, followed by air velocity of airthe buried pipe, pipe length and pipe diametsrm&ntioned
earlier, many researchers have explored the EAR#ingptechnology as cooling means for various types
buildings in temperate countries as well as hotanidi countries. The air drawn from the EAHE pipddund to
be lower than the ambient air temperature durirajicg seasons.

Corresponding Author: AliyahNurZafirahSanusi, Department of Architectur&ulliyyah of Architecture and
Environmental Design, International Islamic UnivgrsMalaysia, IlUM Gombak Campus,
Jalan Gombak, Selangor, Malaysia.




55 Aliyah Nur Zafirah Sanusi and Li Shao 2014

Australian Journal of Basic and Applied Sciences3(8) Special 2014, Pages: 54-57

In temperate countries, the technology has shoignifisant and positive results in experiments
(Santamourist al., 1995; Solainiet al., 1998; Ghosaland Tiwari, 2006; Thaeaual., 2001). The technology
also performed positively with significant resutlisexperiments carried out in hot and arid counthgeir results
had proven that the optimum burial depth whereBRA&IE pipes are to be buried is 4m.

An experiment on EAHE cooling technology was eadriout in Milan (Solainiet al., 1998). The air
temperature during summer ranges betweé@ 1& 37C and the result of EAHE cooling ranges betweeit22
to 30°C, which gives 7C air temperature reduction.

In 2006, the result of Ghosal and Tiwari(2006) exkpent in India showed a reduction d5to0 &C in air
temperature inside the greenhouse, while the ingsidéemperature without EAHE cooling technologyulcb
exceed 4%C. In Thanuet al. (2001) experiment in India, a brick tunnel isibdrat 4m underground where the
soil temperature is 26. During the summer season, ambient air temperatinges between Z8to 47C and
with the Earth Tube Cooling system, the temperatsireeduced to a range of Z5to 3fC. However, the
experiment was also carried during monsoon seasa@imilar climate to Malaysia. Its ambient temperat
ranges between 26 to 32C and with Earth Tube Cooling system, the air tenafpeee is reduced to a range of
25°C to 3PC. The result shows a less significalfCIreduction in temperature, which the author firids
negligible.

A study concluded from various findings, at 4mméelow ground, soil temperature is fairly stabiel &
approximately equivalent to the average of the ahain temperature (Best Practice Programme). Hewehis
study investigates the Malaysia soil temperaturéoum depth underground.

Statement of Problem:

The result from Thanet al. (2001) experiment, carried out in similar climate Malaysia, creates a
challenge to this study. Therefore, this study eatss the potential of applying Earth Tube Cootechnology
in Malaysia climate before implementing it. Sinadl $emperature is the main factor in achievingngfigant
results, the knowledge of Malaysia soil temperatsiressential. Currently there is no record of taihperature
data of Malaysia ground at 5 meter deep. Data bl earth temperature is available from the Y@
Meteorology Department. However, these are daity dallected at a maximum depth of 1 meter beloougd.

Objective:

Due to lack of information on Malaysia soil temgieeire, the intial goal is to obtain soil temperatdata at
various depths up to 5m deep below ground. Thegsarf this study is also to analyze the poteofiddAHE
cooling technology application in Malaysia climatégth reference to its soil temperature and ambient
temperature. The various depth measurements alpadeetermine the optimum depth in which the EAHE
pipe should be buried to get optimum results.

Methodology:
Field Experiment Site;

The soil temperature measurement was carried oua aite located within the International Islamic
University campus in Malaysia. The soil is sandy &arely covered by short grass. Hence, it is eaghds
solar radiation during the day.

M easurements:

The measurements were carried out in two stapesfirst up to 5m depth underground, followed bg th
second stage focusing more on the shallow depths.fiEld investigation includes measurements otloot
dry bulb temperature (DBT), ground surface tempeeatind soil temperature at 1m, 2m, 3m, 4m and &epd
below ground. The measurements were logged fromd'thaf October to the %of November 2007 using one
thermocouple wire for each measurement, which va#ireonnected to a multi channel data logger. Regsli
were taken at 10 minutes interval for a period mraximately one month. The result of the firstgstdield
experiment is analyzed and due to the finding rst Stage field experiment, which is shown in te&trchapter,
the second stage field experiment measured sopdeature at 0.5m, 1.0m and 1.5m and data was lofgged
one year.

Results:

The results of the first stage field experimerg divided into weekly graphs. Figure 1 to 4 show th
temperature pattern for all measurements from libleec to 14 November 2007. During this period, the
outdoor DBT ranges from 220 (at 6:00 in the morning) to 33 (at 12:00 in mid-afternoon). In the year
2006, the outdoor DBT ranges from 2C%0 34.8C and it's annual average outdoor DBT is 2C.2Malaysia
Meteorological Services).

Figures 1 to 4 show that the temperature pattémata measured 1m below ground is fairly stablthwi
temperature similar to the annual average outdd®F DOf Malaysia weather. The figures also show frbm
below ground, the soil temperature increases wétttid up to about 5m, where the values are vernedimshat
of 4m below ground.
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Fig. 1: Temperature patterns in week 1.
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Fig. 2: Temperature patterns in week 2.
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Fig. 3: Temperature patterns in week 4.
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Fig. 4: Temperature patterns in week 3.

Figure 5 shows the average temperatures of airsaihat 0.5m, 1.0m and 1.5 m depths underground.
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Fig. 5: Average air temperature and soil temperature ah0150m and 1.5m depths undergra

In a year, the soil temperature at 0.5m depth mriger26.6°C to 30.7C, at 1.0m depth ranges frc
27.2C to 30.5C and at 1.5m depth ranges fr(28.5°C to 30.3C. The average monthly soil temperature
similar for the three depths, however, there ighsldifference in the annual amplitude of the seihperature
The results show that the deeper the soil, the itudpl decrease Eventhough the average air terrature are
lower than the average soil temperature at thestbepths,he maximum soil temperaturethese depths are at
least 8C lower than the maximum air temperat

Conclusions:

This study is an initial investigation of evaluafithe potential of Malaysia soil to act as a he#t g Earth
Tube Cooling technology to provide cooling for liilg. The results has shown that there is potentie
applying the EAHE cooling technoly in buildings in Malaysia, particularly when thie temperature increas
beyond 34C. The temperature patterns have shown that the optidepth for locating the Earth Tube Cool
in Malaysia soil would be at 1m below ground. Taémperature differen between the maximum outdoor Dt
and soil at 1m below ground is approximate®C. Although the temperature difference is not vagnificant,
the cooling technology could be economically siigaifit during the current situation of global wargiand
rising energy cost. This initial investigation givegopunity for further study as sut
1. Earth Tube Cooling technology coupled with n-time natural ventilation for more significant retsul
2. Reduce soil temperature to the minimum outdoor DiBTapplyin¢ themethod of shadir or insulating the
soil from direct exposure to solar radial(Givoni, 2007).
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