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ABSTRACT 

Nowadays solar water heating systems are gaining popularity in sustainable development. This system has 

become one of the most suitable ways to reduce electricity consumption in the home. It is seen that various 

types of solar water heating systems are produced and marketed for the consumers with which they can 

leverage the energy of the sun to heat the water for comfortable living. Although there are many types of solar 

water heating systems on the market, most can hardly afford this system. The gap always remains for people 

who can afford and who are in a bad financial situation to afford this system. The question of affordability 

arises when the solar water heating system uses an active scheme of heating the water, wherein many 

complicated components are used thereby increasing the cost. To address this issue, this paper presents that 

the passive solar heating system is suitable for small-scale residential use. It further presents the process of 

designing and fabrication of a passive solar water heating system using locally available materials. The design 

work begins with the careful selection of the design requirement of the passive solar water heating system, 

sizing of the active solar heating system component, selection of the materials available in the locality, 

fabrication, and testing of the system. With the fabricated solar water heating system in this project, the heating 

system was able to heat the water up to 800 C. 

Keywords: Thermosyphon, Passive Solar Water Heating, Locally Available Materials, Fabrication. 

I. INTRODUCTION 

Specifically, in colder regions, hot water is considered one of the most important requirements for daily life. 

Study shows that approximately 40-60 liters of water is being consumed by an average adult daily in a 

household. Heating water was carried out in different ways starting from using fire to the use of modern 

electrical means. Although many employs fire to heat water in underdeveloped nations, the use of electric 

heaters has become rampant as it is easier to install, use, and affordable. However, if the appliance uses 

electricity generated using non-renewable sources, the operating cost and the environmental impact of these 

electric solar water heating system is tremendous. This pushes consumers to look for alternative ways to heat 

water. Solar water heating techniques have all the attributes that electric heaters lack. Solar water heaters are 

green and help the environment. Since solar energy is free, the operating cost of these systems is a very 

minimal and safe electricity bill. 

Solar water heaters (SWH) are a system that uses solar radiation to heat water which can be used for domestic 

and industrial purposes. It is not a new technology since its usage date back to 200 BC when Romans used this 

concept to heat their public baths, wherein the water storage tanks were painted black to absorb solar energy. 

The commercial development of these solar water heating systems came into reality in 1891 and was 

introduced by Clarence Kemp [1]. Since then, the solar water system got its popularity, and just in the year 

2012, 78 million units of SWH were installed for various utility purposes all over the world [2].  

Generally, these solar water heating systems are made of five basic components such as solar collector, storage 

tank, pump, differential controller, and pipes and valves. The solar water heating system can be divided into 

two types depending on how the fluid in the system circulates. The fluid in the system can be forced and it can 

be natural. If the system uses pumps to force the fluid circulation in the system, such a system is called an active 

solar water heating system. If the circulation of liquid happens naturally, such a system is called a passive solar 

water heating system. 

This paper presents the designing process and the fabrication of a passive solar water heating system for 

domestic use. 
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II. OVERVIEW OF THE PASSIVE SOLAR WATER HEATING SYSTEM 

This class of solar water heating systems is most used for domestic heating. For this system, the pump is not 

required to push the water or working liquid in the system rather, the circulation of the liquid happens due to 

the principle of thermosyphon. This principle is based on the density of water. When water gets warmer, the 

weight of the water molecule becomes lighter and starts to rise while when water becomes cooler, its weight 

increases and the water molecule starts to settle down in the bottom of the tank. In the nutshell, natural 

convection occurs in the system to circulate the liquid in the system.  

Unlike an active solar water heater, a passive system has a relatively smaller number of components. A typical 

passive solar water heating system has three basic components, viz, solar collector, storage tank, and pipes and 

valves. For this kind of system, the tank must always be kept above the collector. This is to ensure that when 

water in the collector warms up due to solar radiation, the lighter water particle enters the storage tank and 

pushes down the heavier and cooler particles of the water. 

 

Figure 1: Passive solar water heating system 

III. DESIGNING AND FABRICATION 

For design consideration, it is important to select a suitable place for the installation of the fabricated solar 

water heating system. Based on the altitude of the selected location, engineers can select the features for the 

solar water heating system. In this work, Thimphu was selected for the installation of the fabricated system. 

The weather data for Thimphu, Bhutan is retrieved from the map in figure 2. 

Looking at the map, Thimphu receives sufficient solar irradiance which is favourable for implementing solar 

water heating system.   

 

Figure 2: Solar irradiance map of Bhutan 
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Sizing of the storage tank 

The storage tank stores both cold and hot water. Normally the cold water settles at the bottom due to its weight 

and warm water floats. The combination of an auxiliary heating source and solar energy maintains the desired 

temperature in the storage tank. The determination of the adequate storage tank capacity volume requires the 

estimation of the monthly and annual value according to volume changes. The required volume of hot water to 

be produced can be obtained from equation 1.  

          Equation 1 

Where, B is the number of consumers, O is the percentage occupation, DHW is hot water demand per person and 

DK is the hot water demand. Table 1 shows the data for storage size calculation. 

Table 1: Variables determining storage tank 

Sl No. Variable Symbol Value 

1 Number of consumers B 3 

2 Percentage Occupation O 80% 

3 Hot water demand per person DHW 10 

4 Total hot water demand DK 20 

Using equation 1 with variables determining the size of the storage tank from Table 1, the size of the storage 

tank is calculated to be 30 L. The tank having capacity of 30 L is required to be fabricated. 

 

Figure 3: Schematic of the designed storage tank 

Fabrication of the storage tank 

The tank as per the design was fabricated. A polystyrene box was chosen for housing the storage plastic bucket 

with a 30 L capacity. Sawdust was used as an insulating material to trap the heat from leaving the storage 

system.  

Firstly, the plumbing work was done on the bucket. Then the bucket was placed inside the polystyrene box 

which is sealed off later. The fabrication process of the storage tank is shown in figure 4. 
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Figure 4: Fabrication process of the storage tank 

 

Figure 5: Fabricated water storage system 

Sizing of Solar Collector 

The solar collector will absorb all the solar irradiance falling on it and transfer it to the water inside the 

capillary tube through heat conduction. The collector proposed is of flat plate type where the capillary tubes are 

laid on the plates. 

The energy demand for heating the given volume of water i.e 30 L is obtained by using equations 2 and 3. 

         Equation 2 

      Equation 3 

Where k is the assumed loss factor in percentage, m is the mass of water to be heated in kg, Cp is the specific 

heat capacity of water in kJ/kg-0K, ΔT is the required temperature rise in 0K, QHW is the domestic hot water in 

kWh/day, QHL is the standby heat loss in kWh/day. 

The energy enquired to be collected by the collector was calculated to be 14.4 MJ. For this, the collector area 

must be 0.814 m2. The collector can have any arbitrary if the area is not altered. Therefore, the dimension of 1 

m by 1.3 m was chosen for collector fabrication.  
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Figure 6: Schematic of suitable solar collector 

Fabrication of the solar collector 

Solar collector was fabricated with wood, glass, aluminum conduit, aluminum sheet, black plastic sheet, 

polystyrene, and other miscellaneous items. Each of these materials was carefully chosen to play with the laws 

of sun rays to maximize solar energy. 

First, the frame was fabricated. Then the insulation was installed to prevent the trapped solar energy. The 

aluminum sheet was laid, and the aluminum conduit was placed. Finally, the collector was completed with the 

glass glaze cover along with the quality plumbing work. 

 

Figure 7: Fabrication process of the solar collector panel 

 

Figure 8: Solar Collector 
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IV. RESULTS AND DISCUSSION 

The components designed and fabricated were all connected to form the completed locally fabricated passive 

solar water heating system. The fabricated system is as shown in the figure 9. The system was put under the 

sun for about 10 mins and the temperature rise of up to 20 0 C was recorded with even under cloudy weather. 

 

Figure 9: Locally fabricated passive solar water heating system 

V. CONCLUSION 

A low-cost passive solar water heating system is proposed in this paper. The design process and fabrication of 

the passive solar water heating system are presented so that readers can easily find the fabrication process and 

reproduce the design for their use. It was observed that excluding the labour charge, with only the materials of 

about Rs. 4495 is sufficient for fabrication work. The test indicates that the fabricated system is effective and 

can heat up the water to the desired temperature. 
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