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Abstract

In today's world, the over-reliance on traditional fuels such as coal, diesel, and gas has led to significant
environmental challenges, including global warming, air pollution, and resource depletion. As a result,
the need for transitioning to renewable and clean energy sources like solar energy has become urgent.
Solar energy is abundant, sustainable, and offers great potential to meet the world’s energy demands
without compromising environmental health. One of the most practical applications of solar energy is
in solar water heating systems, which are considered user-friendly, low-cost, and biodegradable. A
SWH can contribute to reducing household electricity consumption, assisting in decreasing the use of
fossil fuels, and cutting down on greenhouse gas emissions. The study discusses the various
components, designs, operation principles, and various applications of SWH, giving their benefits and
drawbacks. Following analyses of how optimized design and geographical and user-specific factors
can enhance SWH reliability and efficiency, the presented SWHs would be a viable, sustainable, and
efficient option for water heating in various sectors.

Keywords: Solar energy, solar water heating, renewable energy, thermal efficiency, solar collector,
sustainability

INTRODUCTION
Within the renewable energy sector, solar water heating (SWH) systems have shown to be one of the
most successful and widely accepted technologies. They are one of the oldest solar energy applications
available, providing a green solution to meet an ever-increasing worldwide energy demand [1]. Heating
water accounts for a large fraction of energy usage in the household, which is around 20%. Hence, in
both the domestic and industrial sectors, the
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Figure 1. Solar water heating (SWH) systems.

and challenges associated with solar water heating. Additionally, we will explore how improving the
design and integration of SWH systems based on user-specific needs and environmental conditions can
enhance their effectiveness in diverse applications.

COMPONENT REVIEW AND WORKING
Main Components
Solar Collector

The solar collector is the central element of the SWH system, designed to capture sunlight and convert
it into usable thermal energy [3]. Several types of solar collectors are used, each having specific
advantages depending on the climate, application, and efficiency requirements. These include:

1. Flat plate collectors: These are the most widely used solar collectors in residential and
commercial applications. They consist of a black absorber plate that absorbs sunlight efficiently.
The plate is typically made of metal, such as copper or aluminium, which conducts heat well. A
transparent cover (usually made of tempered glass) allows sunlight to penetrate while trapping
heat within the collector. Insulated casing surrounds the system to reduce heat loss to the
environment. Pipes running through the absorber plate circulate water or heat transfer fluid,
allowing heat to be absorbed and transported to the storage tank [4]. Flat plate collectors are most
effective in regions with moderate to high sunlight exposure and are generally more cost-
effective than other types (Figure 2).

2. Evacuated tube collectors (ETCs): These collectors are made up of rows of glass tubes that
contain a vacuum between two layers of glass. The vacuum acts as an insulator, preventing heat
loss and enhancing the efficiency of the collector, even in cold climates. Inside each tube, a heat
pipe or absorber plate absorbs sunlight and heats the fluid inside. The tubes are individually
sealed, so if one tube fails, the others continue to function (Figure 3). ETCs are often used in
colder climates where maintaining higher temperatures is necessary, as their insulation allows
them to retain heat even when external temperatures are low [5]. They are more expensive than
flat plate collectors but offer better performance in certain conditions, such as on cloudy days or
during the winter months.

3. Line focus collectors: By employing reflective parabolic troughs or mirrors, these systems
concentrate sunlight on a singular pipe that runs along the focal line of the trough or mirror
(Figure 4). This concentration of sunlight means capturing significantly higher thermal energy,
making it amenable to applications that need high-temperature heating like industrial processes
or objects such as large-scale water heating systems. Line focus collectors are often more
complex than flat plate collectors and thus used in commercial or industrial applications [6]. They
have proved to be very effective especially in areas where there is abundant strong direct sunlight,
and they can operate at much higher temperatures compared to other collectors.

4. Point focus collectors: Point focus collectors use parabolic dishes or heliostats to focus sunlight
to a single focal point, where a heat receiver collects its thermal energy. Such systems focus and
create high temperatures, which could be useful for concentrated solar power (CSP). Point focus
collectors are more advanced and expensive, and they usually require tracking systems to follow

© STM Journals 2025. All Rights Reserved 15



Journal of Alternate Energy Sources & Technologies
Volume 16, Issue 2
ISSN: 2230-7982 (Online), ISSN: 2321-5186 (Print)

Single or double ~ Glazing frame Return tube

glazing

Temperature
tolerant
Gasket

Supply tube

Glass envelope

’ Absorber tube
Flow passages

Backing Temperature X
Absorber tolerant N
plate insulation Reflector
Figure 2. Flat plate collectors. Figure 3. Evacuated tube collectors (ETCs).
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Figure 4. Line focus collectors. Figure 5. Point focus collectors.

the sun throughout the day for maximum efficiency (Figure 5). Such systems are typically installed
in large-scale applications, such as solar power plants, where the need for high-temperature thermal
energy is present.

Storage Tank

A storage tank of a solar water heating system is very important because it stores hot water for future
use when sunlight is insufficient, like in the night or on cloudy days. It is very insulated so that it keeps
the water hot for a longer time. Tanks could be made of stainless steel, glass-lined steel, or both making
them durable and resistant to corrosion [7-9]. The requirement for a storage tank usually depends on
the hot water requirement of the household or that of a business. Also, the tank size is determined by
the local climatic conditions. For instance, in an area where sunlight is fairly consistent, a small tank
might suffice, while somewhere where sunlight is intermittent, a larger tank might be necessary to store
enough heated water for cloudy or nighttime use. In advanced solar thermal systems, the solar storage
tank also has heat exchangers that can store the thermal energy in the form of heat transfer fluid for
indirect heating.

Connecting Pipes

Connecting pipes play an important part by linking the solar collector and the storage tank, allowing
the flow of heated water or heat transfer fluid through the system. These pipes are mostly made of
materials with high thermal conductivity, such as copper or polyethylene, to enable efficient transfer of
heat. In a direct system, water passes directly through the solar collector, getting heated to be stored in
the tank. The indirect system has a heat transfer fluid (usually a non-toxic antifreeze solution) that
circulates through the collector, absorbing heat, and transfers it to the water in the storage tank through
a heat exchanger. Insulation on the pipes is critical to prevent heat loss during transport. The efficiency
of the pipes, along with the overall system design, impacts the system’s performance. If the pipes are
poorly insulated or have too much resistance to flow, the overall efficiency of the solar water heating
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system may decrease [10]. Additionally, in active systems (which use pumps to circulate the fluid), the
pipes need to be designed to handle the pressure and flow of the system efficiently, while in passive
systems; gravity is typically used to circulate the water.

Working Principle

SWH systems typically rely on rooftop or ground-mounted installations that are exposed to direct
sunlight. The process begins when cold water flows through the solar collector, which absorbs solar
radiation through its black surface. The absorbed heat is transferred to the water, which then flows into
the insulated storage tank for later use [11]. In direct circulation systems, water is circulated directly
through the collector and into the storage tank. In indirect systems, a heat transfer fluid circulates
through the collector and a heat exchanger, transferring thermal energy to the water in the tank.

Heat Transfer Methods
1. Direct circulation systems: These systems are typically suitable for areas that do not experience
freezing temperatures. In this system, potable water is circulated directly through the collector.
2. Indirect circulation systems: In colder climates, these systems use a non-toxic antifreeze fluid in
place of water. The heat transfer fluid circulates through the collector, transferring heat to the
water in the storage tank via a heat exchanger, preventing freezing.

SOLAR WATER HEATER DESIGNS
Active Systems
Forced Circulation Systems

These systems utilize pumps and electronic controls to circulate water or heat transfer fluid through
the collectors [12]. This allows the storage tank and collectors to be positioned separately, providing
more flexibility in design (Figure 6). Forced circulation systems can achieve higher thermal efficiency
but may require external power or batteries for operation.

Passive Systems (Figure 7)
Thermosyphon Systems

These rely on natural convection to circulate water. Warm water rises and flows into the storage tank,
while cooler water flows down to the collector. This system does not require pumps, making it simpler
and more reliable. However, it needs careful positioning, as the collector must be placed lower than the
storage tank for optimal flow.

Built-in Storage Systems

In these systems, the collector and storage tank are integrated into one unit, which simplifies
installation and maintenance [13]. Variants such as plain and finned designs are used to increase heat
transfer efficiency, particularly in regions with limited space.
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Figure 6. Active systems.
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Figure 7. Passive systems.

ADVANTAGES AND DISADVANTAGES

Advantages

1. Energy savings: Solar water heaters can significantly reduce electricity consumption. A 100 |
system can replace an electric geyser, saving up to 1,500 kWh annually. This translates to lower
electricity bills for households and industries.

2. Environmental benefits: By replacing conventional electric or gas heaters, SWH systems reduce
reliance on fossil fuels, lowering carbon emissions by about 1.5 t/year. This contributes to
mitigating climate change.

3. Longevity and durability: SWH systems have a long operational life, typically lasting between
15 and 20 years when maintained properly [14].

4. Cost-effectiveness: Though initial installation costs can be higher, the low operating costs and
short payback periods (3—6 years) make SWHSs a cost-effective choice in the long term.

5. Reliability: Many SWH systems, especially passive types, operate without external electricity,

making them reliable sources of hot water even during power outages.

Disadvantages

1.

2.

3.

4.

Scaling: In areas with hard water, mineral deposits can accumulate in the collector and storage
tank, reducing efficiency and requiring regular maintenance.

Corrosion: Exposure to oxygen can cause metal parts of the system to corrode over time,
although materials like stainless steel are used to combat this issue.

Space requirements: The installation of SWH systems requires ample rooftop space for solar
collectors, which can be a limiting factor in urban or crowded areas [15].

Weather dependence: Solar water heating systems are less effective during cloudy, rainy, or foggy
weather. This dependence on sunlight limits the reliability in certain geographical locations.

APPLICATIONS

1. Domestic use: Solar water heaters are widely used in residential buildings for heating water for
bathing, washing, and cleaning. The ability to generate hot water without relying on electricity
or gas offers significant savings and environmental benefits for homeowners.

2. Industrial use: SWH systems are used in industrial settings for applications such as preheating
boiler feedwater, steam generation for food processing, and textile industries, helping reduce
energy consumption and operational costs.

3. Commercial establishments: Hotels, hospitals, swimming pools, and other commercial entities
benefit from SWH systems by lowering their energy costs and reducing their carbon footprint [16].

4. Specialized applications: SWH systems are also used in specialized applications like solar-
powered dishwashers and dairy steam generation, where hot water is required in large quantities.

CONCLUSION

Solar water heating represents a mature, reliable, and sustainable technology that can play a key role
in reducing energy consumption and minimizing environmental impact. While the benefits of SWH
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systems are clear, including significant energy savings, reduced emissions, and low operating costs,
there are still challenges to overcome. These include scaling, corrosion, space requirements, and
performance issues in cloudy or rainy weather. Further research and development are needed to enhance
system efficiency, reduce costs, and make these systems more adaptable to different geographical
conditions. Promoting awareness, incentivizing adoption, and improving infrastructure can help unlock
the full potential of solar water heating systems, contributing to a more sustainable energy future in the
face of climate change and growing energy demands.
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