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ABSTRACTS 

Having blessed with abundance sunlight and high solar radiation level, 

Malaysian is tempted to the' green' solar technology. Yet, application of solar water 

heating system in Malaysia is not so popular. Facing with the unique Malaysian 

climate, hot and humid, more cloudy and rainy than clear day and of course, a high 

initial cost, designers and engineers are challenged to come out with a cost efficient 

Solar Water Heater (SWH). In this study, a compact SWH prototype has been 

developed and tested. This unit is equipped with a perforated tube (inserted in the 

lower header tube) which has different number of hole (in ascending order) in each 

opening to riser tubes, intended to curb the bottleneck problem. The water circulates 

by thermosiphon principles. During the heating process, the water flow in the riser 

tube is more uniform with the presence of the perforated tube. In addition, the 

absorber plate is coated with black chromium selective coating which enhances the 

thermal radiation absorption (J.Idris et.a!. , 2003). Problem that often occurs which 

reduces the efficiency is the heat loss through solar collector panel (especially the 

top panel) and connecting pipes. The developed compact prototype not only reduces 

the heat losses but also reduces the usage of material and hence cost. Experimental 

results showed that the UTM IV prototype has overall heat loss coefficient reduced 

from 6.91 to 6.83 W/m2K, and instantaneous efficiency rise from 69.4% to 82%, an 

increase about 12.6%, compared to the UTM II prototype. 
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ABSTRAK 

Dilimpahi dengan cahaya matahari dan paras radiasi suria yang tinggi, 

Malaysia tertarik kepada 'kehijauan' tenaga suria. Namun, penggunaan pemanas air 

tenaga suria masih kurang popular di Malaysia. Berdepan dengan iklim yang unik, 

panas dan lembap, lebih banyak hujan berbanding panas, dan kos permulaan yang 

tinggi, pereka dan jurutera dicabar untuk menghasilkan sebuah pemanas suria yang 

efisyen dengan kos yang lebih rendah. Dalam kajian ini, sebuah prototaip pemanas 

suria yang kompak telah dibangunkan dan diuji. Prototaip ini dilengkapi dengan 

sebatang tiub yang dilubang-lubangkan (dimasukkan dalam tiub masuk utama) 

dengan jumlah lubang yang berbeza untuk mengawal ali ran air agar lebih seragam 

bagi mengurangkan masalah 'bottleneck '. Air mengalir dalam pengumpul suria 

menggunakan prinsip termosifon. Plat penyerap disaluti dengan salutan kromium 

hitam terpilih yang mampu meningkatkan kebolehserapan radiasi suria (lIdris et.a!. , 

2003). Masalah yang sering timbul semasa penggunaan pemanas suria ialah 

kehilangan haba melalui penutup kaca panel pengumpul dan paip penyambung. 

Prototaip yang dibangunkan bukan sahaja dapat mengurangkan kehilangan haba, 

tetapi bahan dan kos untuk pembuatan juga dapat dikurangkan. Keputusan ujkaji 

menunjukkan pekali kehilangan haba berkurang sebanyak 0.08 W/m2K, dari 6.91 ke 

6.83 W/m2K dan kecekapan siripan meningkat dari 69.4% ke 82%, peningkatan 

sebanyak 12.6% jika dibandingkan dengan prototaip UTM II. 
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CHAPTER I 

INTRODUCTION 

The fuel crisis and the increasing prices of petroleum products have been a 

catalyst to the exploration of new and renewable energy sources. These resources 

comprise biomass, biogas, solar, wind and geothermal energies. These energy 

resources are abundant and non-exhaustible. In Malaysia, though we are fortunate 

enough to be blessed with indigenous oil and natural gas resources, the use of 

renewable energy is crucial as to prolong the fossil fuel reserves and not to waste the 

renewable energy sources. Thus, the government in Seventh Malaysia Plan (RMK-

7, for year 1995 - 2000) had replaced the Four Fuel Diversification Policy with the 

Five Fuel Diversification Policy that includes renewable energy. These potential 

energy resources have been extensively utilized in industries, universities or even in 

some remote areas. We have our palm oil mill industries, which supply the energy 

needed for processing the palm oil from its waste. There are also a hefty number of 

commercial projects on solar, hydro and biomass energy (Alias et.al. , 1999). 
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Solar energy, instead of non-exhaustible and cheap, is pollution-free and 

safe to use. Being a maritime country close to the equator, Malaysia naturally has 

abundant and free solar energy throughout the country. In fact, Malaysia has high 

solar radiation level that ranges from 6.5 kWhlm2 in January to 6.0 kWhlm2 in 

August (Ourmit and Foo, 1996). However, it is extremely rare to have a full day 

with completely clear sky even in periods of severe drought. The cloud cover cuts 

off a substantial amount of sunshine and thus solar radiation. On the average, 

Malaysia receives about 6 hours of sunshine per day (Malaysian Meteorological 

Service - MMS, 2004). There are basically five diurnal patterns of sunlight existed 

in Malaysia; clear day, cloudy, rainy, afternoon rain and the day when the solar 

radiation is greater than the solar constant (Mohd. Yusof, 1996). 

1]0/0 1£30/0 
o clear 

• cloudy 

o rainy 

o afternoon rain 

.Sr> Sa 

Figure 1.1 - Diurnal Pattern of Global Solar Radiation in Malaysia. 

Solar energy applications are classified into photovoltaic and thermal energy 

applications (Figure 1.2). Photovoltaic applications comprise of power generation 

such as electrification, water pumping and empowering a solar car. Thermal energy 

applications otherwise include water heating, air (space) heating, foods drying / 

cooking and distilling salty water for drinking. Nowadays, hot water is an essential 

in domestic and commercial application including hotel, hospital, recreation club, 

textiles and papermaking industries. 
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Photovoltaic technology uses solar cell to convert solar radiation energy to 

electricity. Solar cell consists of three elements; semiconductor which absorb the 

solar radiation, semiconductor junction that separates the photo - generated carriers 

(electrons - holes) and the contacts on the front and back of the cell that allow the 

current to flow to the external circuit. Basically, there are two type of solar cell 

used; crystalline silicon (in a wafer form) or thin films solar cell. Due to the poor 

light absorber property, solar cell has a relatively low efficiency. 

On the other hand, thermal energy application is a more direct way to 

harness solar energy. Solar thermal radiation is directly absorbed by a solar energy 

absorbing material (usually a blackbody), which then converts the radiation energy 

to heat energy due to its optical response and particulate nature of the material. The 

heat energy is then transmitted to a heat - transferring medium (i.e. water or air) 

either ready for use or for the next process (if required). Blackbody is known as a 

perfect absorber of radiation (only an ideal concept since all real matter will reflect 

some radiation). 

SOLAR ENERGY UTILISATION 
I 

I 
I PHOTOVOL TAlC I 

I 
ELECTRIFI

CATION I 
POWER 

GENERATION 

I 
WATER 

PUMPING 

AIR 
CONDITIONING & 
REFRIGERATION 

I 
POWER 
GENE
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Figure 1.2 - Classification of Solar Energy Application. 
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1.1 RESEARCH BACKGROUND 

Solar water heating system (SWHs) is a well-established industry with more 

than half a century of development and well-established standards and codes of 

practices. Numerous SWHs with a variety of uses had been designed. Most of the 

design emphasizes on the thermal performance, suitability and durability of the 

system. The type of system installed is dependent on local climate and water usage. 

4 

In spite of having so much sunshine, solar energy applications (including 

solar water heating) are not very popular in Malaysia. Though has an extensively 

long-history worldwide, solar water heaters only entered Malaysian market in 

seventies (Mohd. Yusof, 1996). Presently, only 3% of households who have the 

income capability to buy and use SWH are using them (Gurmit and Foo, 1996). 

Though there is some villages involve in Solar Electrification Project handled by the 

government, you can scarcely found SWHs in the rural area. The main cause is its 

high initial cost. This seems to be a waste of the solar energy. Unsurprisingly, it 

was reported that the public awareness of solar technology has increased and new 

demand for economy priced solar heaters in Malaysia exceeds supply. The total 

industry sales of solar heaters for domestic application have increased from 1400 

units in 1988 to 3000 in 1991. It is also estimated that 5,460 unit of solar water 

heating system were sold in 1990, and the sales hit at least RM10.4 million. In 1994 

some 9,500 units of domestic solar water heaters were installed while in 1995 

another 2,000 unit were sold (Gurmit and Foo, 1996). 

The hotel industry is said to have a very good potential in using solar water 

heaters as the industry uses 24.62% of the total energy just to heat water. More than 

20 hotels in Sabah and Sarawak use SWH systems. In fact, some housing 

developers have installed SWH in new houses, the first being in Taman Mutiara in 

Penang. Another is Taman Tun Dr. Ismail-SEA Park with SWH from Matsushita. 
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5 
Others large application of SWHs in Malaysia are in places like lohor Bahru 

Medical Centre, University Hospital, Shell Group of Companies, Tiram Kimia, G.S 

Gill, Ramly Burger etc. Based on the standard 60 gallon (264 I) unit, these domestic 

SWH systems were expected to contribute an annual electricity savings of 23 800 

MWh in 1994 (Gurmit and Foo, 1996). 

SWHs in Malaysia have achieved market acceptance without extensive 

promotional 'activities by the vendors. Instead, SWH has gained significance 

through the natural process of socialization. The FINESSE study exposed that SWH 

is seen as a symbol of modernity that reflects the latest trend in household fixtures 

and has the ability to enhance the owner's self image. For that reason, SWH 

becomes one of the better-known renewable energy applications in Malaysia. Solar 

application will be widespread if a solar water heater is considered to be just another 

standard appliance, and of course ifthe cost is lower than the marketed model. 

Despite of being not very popular in Malaysia, we do have local institutes, 

manufacturers and agencies that manufacture and do research on solar water heating 

systems. As for now, there are at least fifteen companies manufacturing or 

distributing solar water heaters and its components in Malaysia (Table 1.1). In 1987 

Shell Malaysia Trading Sdn. Bhd. and Sime Darby Malaysia formed ajoint venture 

company Renewable Energy Systems (RES) to develop, manufacture and market 

AZTEC solar water heater system in Malaysia to capture 75 % oflocal market 

(Gurmit and Foo, 1996). This system use German technology that utilizes plastic 

collectors (EPDM). In 1997, Solar Research Design (Microsolar Malaysia) invented 

multi-valve, tube-in-tube, thermosiphon solar water heating system, which hit the 

scale at 82°C and ensures 60°C hot water even on cloudy days (Teoh, 2000). 
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Table 1.1 - Solar Water Heating Businesses in Malaysia. 

Company (Brand) Business~e Product type 
Alfons Solar Sdn Bhd Distributor PV modules, inverters, solar 

heating systems 
Aumada Energy & Distributor Solar Water Heaters (SWH) 

Technologies Sdn. Bhd. 
(SOLAHART) 

Gading Kencana Sdn Bhd Wholesale and Solar garden lights, energy 
consultancy efficient homes and buildings, 

PV systems, SWH systems. 
Green Age Solar Retail sales Solar air-conditioning system, 

Technology SDN BHD solar freezerlrefrigeration 
system, SWH system 

Intelligent Power System Retail sales, service SWH systems, packaged solar 
Technology and wind power systems. 

Pacific Engineering Sdn Manufacturer, Solar Water Heaters (SWH) 

Bhd (PECOL) 
distributor, service 

PECOLASIA Retail sales, service Solar Hot Water Systems 
Renewable Energy Systems Distributor Solar Hot Water Systems 

(AZTEC) 
Shanghai Guanyang Solar Manufacturer Solar Hot Water Systems 

Water Heater 
Solar Research Design Manufacturer, retail SWH systems, SWH 
(Microsolar Malaysia) sales, wholesale components. 

supplier, exporter 
Solarex, Malaysia Wholesale supplier, Solar garden lights, SWH 

exporter systems, Non-PV solar air-
conditioner and refrigerator. 

Solarplus Technologies (M) Manufacturer SWH systems 
Solartech Sdn. Bhd. Manufacturer Solar Water Heaters (SWH) 

Summer Sales and Service Manufacturer Solar Water Heaters (SWH) 
YN Solar Manufacturer, service Solar Water Heaters (SWH) 

Most solar water heaters (SWH) are simple system and have simple 

operation principles. A 264 liters (60 gallons) SWH is usually enough to provide 

hot water for 4-5 persons. The most common SWH used is Thermosiphon SWHs. 

This system operates under natural convection flow circulation and has simple 

features such as flat plate collectors, its absorber sheets and storage tank. While 

baths and showers usually require water at 37 - 43°C, this system is capable of 

heating water up to 60°C (Experimental Building Station, 1976). 
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