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ABSTRACT: 
Solar water heaters integrated with materials having capacity to store solar energy inform of latent heat 
have been studies and developed to improve the performance characteristics of the system. Phase 
changing materials generally have lower value of thermal conductivity, which directly affect the solar energy 
storage effectiveness in solar water heater. A lot of research have been performed to enhance the thermal 
conductivity and energy storage efficiency of PCMs. Different PCMs encapsulation have been adopted to 
improve the overall performance of solar water heater. In the current study, solar water heater with different 
combination of Phase Change materials have been comprehensively examined. Most commonly used PCM 
material is found to be paraffin wax. PCM with Nano particles have shown better results over pure PCM 
and without PCM.    
KEY WORDS: Phase Change Material, Solar Water Heater, Nano Particles, Encapsulation. 

 

Introduction: 

Today we are living in the industrial or machine era. Machine is totally depended on 
energy and energy comes from the different renewable and non-renewable energy source 
like petroleum, hydraulic, nuclear and sun and wind, etc. Population growth has been 
increased drastically, which leads in the increase of future energy demand. In current time 
most of the energy demand has been fulfilled with renewable energy sources and 
everyone knows renewable sources are finite, so considering future demand of energy 
the current research should be more focused on development of nonrenewable energy 
sources. 

Now petroleum is remaining is very less amount. So, we have to shift in other energy 
resources such as wind, hydro, solar, biogas, uranium, etc. Demand of energy is 
increasing day by day; renewable energy is as game changer for development of society. 
Solar energy is pollution free and no greenhouse gases to be emitted after use. 

Now a day’s petroleum is exhausting day by day due to heavy use in vehicles, factories, 
airplanes etc. Hydraulics, nuclear and wind energy either are very costly or their 
maintenance are very critical. Sun energy is very easily available and low cost.  

Solar energy has greatest advantages that, it is clean form of energy over fossil fuels. 
Solar energy is available everywhere and has wide range of operations viz. solar cell, 
solar air, solar water heater, solar cooker etc. Solar energy is environmentally friendly 
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and does not have any adverse effect to environment. Whereas fossil fuel causes acid 
rain, depletion of ozone layer due to greenhouse gases. Global warming effect is almost 
double because of using fossil fuel and it’s reducing the safety of living organism of Earth. 
According to statistical update by World Health Organization (WHO), carbon emission is 
get doubled in 2020. The effect of climate change is that nearly 160,000 people died 
world-wide yearly either directly or indirect contact of climate change [1]. 

Solar water heating device are used for heating the water with the help of sun ray. Solar 
water heating is the process of heating the water to a desire temperature using solar 
radiation. As we are lacking fossil fuels we need to utilize renewable energy (sun’s 
radiation wind energy geothermal tidal energy etc.), which are available free of cost. Sun 
is giving us lot of energy before last thousand decades and the sun's power that is 
intercepted by the earth is about 1.8×1011MW [2]. 

According to REN21’S 2017 report, renewable energy contribute 19.3% of human’s world 
energy consumption. The principle of SWH is based on the solar energy. Solar energy is 
environmental favorable and available world-wide. SWH does not consumes any fuels so 
it is used in developing countries, where fuels is relatively expensive but sun light is 
abundant. As people are getting worried about their surroundings, they are going towards 
eco-friendly approach towards sustainable living. 

In two broad bands, more sun energy is available most, from 15º North latitude to 35º 
south latitude on earth and best sun radiation point is 15º north and south of the equator. 
India is located 8°4'N to 37°6'N. Some Indian states are located on the15ºN latitudes are 
Goa, Karnataka and Andhra Pradesh. States which are located under the line that are 
Kerala and Tamil Nadu. These five states are located in high standard position. [2]. 

Solar water heating in the house is the globally used solar energy application. Following 
the 1973 oil crisis, there was a rise in curiosity in solar water heating systems integrated 
with flat plate collector. Solar air heaters operate similarly to solar water heaters, except 
of water air is being used as fluid. They are typically used for heating a space throughout 
the in chilly climates [4]. 

Solar thermal applications are split into three categories based on the temperature ranges 
they are used for: a) solar drying, hot water supplies, and cooking are examples of low-
temperature applications (below 100°C). b) Refrigeration, industrial process heat, and 
other medium-temperature applications (below 150°C). c) Applications that require high 
temperatures (over 150°C), such as energy generating [3]. 

Solar energy is used in various facets of our day-to-day lives, Home heating, hot water 
supply, and cooking are just a few examples. Intermittence is a fundamental disadvantage 
of solar energy [5]. In most regions where solar energy is used, the necessity for an energy 
storage system develops to address this issue and there are different sorts of energy 
storage methods exist [6]. As a result, using energy storage technology particularly PCMs 
will be a wise strategy [7].  
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Solar Thermal Energy Storage:  

Heat energy storing materials will be categorized into three types, on the basis of their 
storage behavior, i) sensible energy storage , ii) phase change heat storage, and iii) 
chemical solar energy storage [8, 9]. The classification is shown below in fig.1. 

 

Fig.1. Solar thermal energy storage classification [10] 

Phase Change Material as Solar Thermal Energy Storage:  

PCMs store the solar energy in the form of latent heat. Heat is stored due to melting of 
PCM and gets released during solidification. PCMs are having high thermal energy storage 
capability. The heat energy is charged and discharged at a reasonably steady 
temperature. The variation of temperature with energy storage medium is shown in fig.2 
and charging discharging cycle is shown in fig.3. TES technologies are now being used 
in a range of applications. The TES systems are run at higher temperatures to improve 
the efficiency of the plant's Rankine cycle. Lower temperature TES systems are employed 
in a lot of  applications, such as building space heating, hot water distribution, and heat 
sinks for electronic equipment such as laptop computers [19].  
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Fig.2. Variation of temperature with energy 
storage medium 

Fig.3. Charging discharging cycle of 
Phase Change Material 

 

A research has been conducted on experimental thermal analysis on TES system using  
PCM, Paraffin and Stearic acid. With the help of ANSYS simulation Software and it is 
observed that the charging and discharging of solid liquid PCM. In solid state receive heat 

and gets melt and its simulation is observed, PCM melt quickly about at 60℃ and stores 
energy. During discharging solidification process occurs. PCM location in TES is one of 
important factor as well. In the whole process the PCM close to side of the storage tank 
melts to fast than the PCM in mid of storage tank. At the same condition the Stearic acid 
is cost effective and best option for same output than Paraffin [12]. 
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Classification of PCM: 

The detail classification of PCM is given below in fig.4. 

 

Fig.4 Phase Change Material Classifications [13] 

Hydrocarbons, such as paraffin, fatty alcohols, and waxes, are used to make organic 
PCM. An inorganic PCM contains molten salts, salt hydrates, and metallic. Organic-
inorganic, inorganic-inorganic, and organic-organic molecules are all included in eutectic 
PCM. 

PCMs can be used in numerous ways, such as particles distributed in bulk materials, 
matrices and sheets [14-16]. As a result of their excellent thermal specifications, organic 
solid–liquid phase change materials are an important group of PCM, with a high TES 
density, a tinny temperature range of phase change, no or little super-cooling and 
congruent melting. The use of these PCMs, on the other hand, is limited by leak from the 
storage tank and of having lesser thermal conductivity [17]. 

Organic PCMs have twice per unit volume latent heat storage capacity, greater heat 
conductivity, less expensive [18, 19]. Inorganic PCMs, on the other hand, have been 
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claimed to exhibit inherent flaws such as incongruent melting, corrosiveness, super 
cooling and phase segregation characteristics [18]. The fundamental advantage of 
eutectic mixtures has also been discovered to be their phase transition temperature, 
which can be controlled by mingling the several mass ratios of the elements [20]. 

In the specified temperature ranges, solid-solid PCMs maintain their bulk solid 
characteristics. They don't have the leaking problems that solid-liquid PCMs do, and as a 
result, Non-encapsulated solid-solid PCMs could be employed with different materials 
[21]. Due to the substantial variations in volume and pressure during change of phase, it 
has been stated that the use of PCMs in solid–gas and liquid–gas forms is limited [22]. 

Furthermore, PCMs can be classed as low (less than 220°C), medium (220–420°C), or 
high temperature materials (greater than 420 °C) with melting points [23, 24]. Organic 
PCMs have been shown to be suitable for application having lower temperature 
requirement [28]. Inorganic salt, (such as chlorides, metal, carbonates fluorides, 
sulphates, and nitrates) are typically exploited for high-temperature uses [25]. 

Organic molecules have a low melting point (between 10 and 60 degrees Celsius), which 
makes them suitable for application having lower temperature requirement. Around 
100°C, the eutectic mixture looks promising. In the middle, eutectic mixtures of inorganic 
compounds heated to 130°C to 1250°C are commonly utilized. For high- temperature 
applications, mixtures of inorganic chemicals such as sodium and potassium that melt 
about 170°C have been shown to be beneficial [29]. Metal hydrides have been proven to 
be an alternative for energy storage in future [26]. 
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PCMs Properties for Solar Thermal Applications: 

PCMs effective properties are shown in below in fig.5. 

 

Fig.5. Phase Change Materials effective properties [27] 

The desirable phase change materials properties is shown below in Table.1, and thermal 
properties in table.2 

Table.1 Phase Change Materials desirable properties [28] 

 Phase Change 
Material Desirable 
Properties 

Thermo physical 
Properties 

Suitable phase change temperature, 
High value of latent heat of fusion, 
Lower degree for supercooling, Low 
vapour pressure, Small change in 
volume during changing and 
discharging, High thermal conductivity 

Chemical Properties Compatibility with other matrial,no 
chemical decomposotion, non flamable 
, non posionous, non-explosive 

Economical Properties Less cost, Good Recyclability 
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Table 3: Phase change materials thermal properties [29] 

Material Type PCM Melting 

Point(℃) 

Latent Heat (kJ/kg) 

Organic Paraffin Wax 64 173.6 

Al 660 397 

Na 97 113 

n-Dodecane (Carbon atoms-12) -10 216 

n-Dodezane (Carbon atoms-22) 44 249 

n-Triacotane(Carbon atoms-30) 65.4 252 

Caprylic acid(Carbon atoms-08) 16  

Lauric acid(Carbon atoms-12) 42 171 

Mytristic acid(Carbon atoms-14) 54 190 

Palmitic acid(Carbon atoms-16) 64 185.4 

Methyl Plamitate 27 163.2 

Ethylene Glycol distearate 63.2 215.8 

Dimethyl sebacate 21 135 

Methyl-12-Hydroxystearate 43 126 

Vinyl stearate 27 122 

Ploy Ethylene Glycol 4.2 117.6 

Xylitol 93 280 

Sorbitol 97 110 

Erythritol 117 344 

Mannitol 165 341 

Inorganic MgCl2.6H2O 117 168.6 

Mg(NO3)2 426  

Ca(NO3)2 560 145 

Na2CO3 854 276 

LiOH 462 873 

NaCl 802 420 

Na2SO4 884 165 

LiF 850 1044 

NaF 996 794 

Zn/Mg(53.7/46.3) 340 185 

Zn/Al(96/4) 381 138 

Al/Si(87.76/12.24) 557 498 

Cu/Zn/Si(74/19/7) 765 125 

Mg/Ca(84/16) 790 272 

Si/Mg(56/44) 946 757 

Eutectic Lauric acid-capric acid( 45/55) 21 143 
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Organic Capric acid-Palmitic 
Acid(76.5/23.5) 

21.8 171.2 

Lauric acid-mytristic acid(66/34) 34.2 166.8 

Lauric acid- Palmitic Acid(69/31) 35.2 166.3 

Lauric acid-stearic 
acid(75.5/24.5) 

37 182.7 

Mytristic acid- Palmitic Acid 
(58.0/42.0) 

42.6 169.7 

Mytristic acid- stearic acid 
(64.0/36.0) 

44.1 182.4 

Mytristic acid- stearic acid 
(65.7/34.3) 

52 162 

Palmitic acid-stearic acid 
(64.2/35.8) 

52.3 181.7 

Eutectic 
Inorganic 

CaCl2·6H2O/CaBr2·.6H2O 
(45/55) 

14.7 140 

LiOH/KOH (40/60) 314 341 

KNO3/KCl (95.5/4.5) 320 74 

MgCl2/KCl (39/61) 435 351 

BaCl2/KCl/NaCl (53/28/19) 542 221 

BaCl2/KCl/CaCl2 (47/ 24/29) 551 219 

LiF/MgF2/KF (64/30/ 6 mol%) 710 782 

LiF/CaF2 (80.5/19.5 mol%) 767 790 

 

To select an acceptable PCM, the following parameters should be used in the following 
order:  

a) Latent heat of the material 

b) Thermal conductivity of the material 

c) Melting point of the material 

d) Specific heat of the material 

e) Density of the material 

To ensure higher rate of energy storage and discharge, PCM must have a higher value 
of thermal conductivity, latent heat and a lower value of melting point. In case of imperfect 
contact between PCM layer and absorber material, the vacant spaces in the PCM layer 
will produce thermal contact resistance, lowering heat transmission between the layer of 
PCM and absorber material [30]. The lower cost of storage material lowers both capital 
and operating costs.  

 



Xi'an ShiyouDaxueXuebao (ZiranKexue Ban)/ 
  Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN:1673-064X 
E-Publication:Online Open Access 

Vol: 65 Issue 05 | 2022 
DOI 10.17605/OSF.IO/9SR7W 

 

May 2022 | 10  

 

 

Thermal conductivity augmentation technique: 

The lower value of PCMs thermal conductivity is critical for its implementation because it 
translates to poor thermal performance in TES systems. Thus, PCM having higher value 
of thermal conductivity is always advantageous [31]. The various thermal conductivity 
augmentation technique is described below in fig.6 and the value of thermal conductivity 
of PCM with different combination is shown below in fig.7. Some important thermal 
conductivity augmentation technique is describe below. 

 

Fig.6. Thermal conductivity augmentation technique [32] 

Technique to increase 
heat conductivity of 

PCMs

Nanoparticles 
Addition

Carbon Nanotube

Graphene 
Nanoparticles

Silver Nanoparticles

Addition of Expended 
Graphite

Metallic Foam PCM

Nickel Foam

Copper Foam

Graphite Foam

Encapsulation of PCM Other Materials

Hexagonal Boron 
Nitride

Spongy Graphene
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Fig.7. Thermal conductivity of PCM with different combination [33] 

PCM Nano composites 

PCMs are frequently changed into composite PCMs show that characteristics of heat 
transfer can be improved.  A phase change material composite is made up of a phase 
change substance, a shape-stabilizing substance (e.g. polymer or ceramic) and a 
thermally conductive additive (such as graphite). The solidification time is reduced and 
thermal conductivity could be improved by using this method. Increases in thermal 
conductivity are correlated with increased nanoparticle ratios. Aside from the positives, 
they bring with them new hurdles such as cost increases, compatibility problem, stability 
issues and increased difficulty [34]. 

Solid mesh 

To improve the thermal performance metal foam is another technique to improve thermal 
conductivity. The PCM can be encapsulated metal matrix having high porosity to build the 
solid mesh using this method [34]. 

In an experiment a vacuum impregnation process is employed to immerse copper foam 
and nickel in paraffin.  The PCM impregnation ratios in composite phase change material 
with foam-based nickel can range from 96.0 to 98.6%. The paraffin/Ni foam based 
composite, thermal conductivity was improved by three fold, while the copper foam-based 
composite phase change material was enhanced by fifteen times [35]. 

PCM encapsulation: 

Encapsulation, which encases the PCM in to a greater value thermal conductivity of shell 
material, is also a way to improve the value of thermal conductivity of PCMs (e.g. silica). 
Furthermore, this strategy increases the heat transfer surface while increasing the 
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amount of accommodation. Encapsulation is a good way to increase heat conductivity 
[36]. However, this is the most difficult and expensive of the three approaches provided 
here [34]. To increase thermal conductivity, microencapsulated CaCO3 shells with the n-
octadecane PCM. The encapsulated n-octadecane, thermal conductivity was improved 
from 0.153 W/m-K in pure PCM to 1.264 W/m-K, according to the study [37]. Another 

researcher did similar work with a different PCM (melting temperature of 26.57℃, paraffin 
RT-28 PCM). The microcapsules paraffin-CaCO3, conductivity improved from 0.289 W/m-
K in pure PCM to 0.759 W/m-K [38]. 

Microencapsulated PCMs have been found to increase in viscosity value of the final fluid 
and to be disordered by pumping in several investigations [39–42]. As a result, Nano 
encapsulation PCMs with have recently PCMs with Nano encapsulation (particle sizes 
ranging from 1 to 1000 nm [43])attracted attention, resulting enhance properties such as 
high specific surface area, excellent suspension stability,  low pumping breakage rate, 
and favorable structures for energy management and storage [39,44].Some appropriate 
technique for Nano encapsulation is shown below in Fig.7. 

 

Fig.7 Nano encapsulation technique for PCM [17] 

In the present study, some recent solar water heater designs that uses PCM as the 
thermal energy storage material. The PCMs can be used with solar water heater in the 
following components: 
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a) Water storage tank; b) Solar collector; c) Insulated pipework. 

PCM in storage tank: 

The PCM was commonly integrated into the SWH storage tank during the early years for 
research and development of SWH with PCM in heating system. An experiment has been 
conducted on development and testing on a PCM filled at the bottom of a storage tank in 
1985 [45]. 

PCMs are used solar water heater storage tank to store solar energy for a longer period 
of time and to use it when solar radiation isn't accessible. PCM can be incorporated by 
many types in storage tank. In this type the PCM is installed in such a manner that a single 
circular block is introduced in storage tank. This is given below in fig.8. 

 

 

Fig.8. Phase Change Material in circular cylindrical block of in storage tank 

PCM are also arranged in an array form. Many PCM of cylindrical form are employed in 
storage tank. It increases the heat storing capacity. This is shown below in fig.9  
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Fig.10. PCM in array in storage tank 

 

PCM in collectors: 

In 2014, a research has been conducted to design and built a solar collector with flat plate 
integrated with PCM, as depicted in Fig. 11. The upper surface of absorber plate is 
covered with nine riser tubes, while the absorber plate's bottom surface was covered with 
37 fins. PCM was put into the absorber plate's bottom. The fins attached to the rise 
absorber tube worked as heat exchanger unit. Fin increases heat transfer rate between 
absorber plate and PCM by increasing surface area of heat transfer. In this study 
employed in two ways: i) paraffin wax; ii) paraffin wax nanocomposite containing 20 nm 
Cu-nano particles with 1.0 wt%. Three studies presented: (i) without PCM, (ii) with PCM, 
(iii) and with the Cu-PCM nanocomposite were tested at different inclination angle like 10 
degree, 20degree, and 30degree. The water tank temperature for the system without 
PCM was 35.1°C at 7.00 a.m. after 24 hours of operation. The water tank temperatures, 
on the other hand, were 40.7°C and 40.1°C for the systems with Cu-PCM nano-composite 
and PCM, respectively[46]. 

The efficiency of solar collector has been found increased by 6.9% for paraffin wax and 
8.4 % for  Cu-PCM nano-composite. [46]. 
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Fig.11. Solar water heater collector with PCM [46] 

Insulated Pipework with PCM: 

In a study a design has been created for shell and tube SWH, as depicted in Fig. 12. In-
between the annular space of outer shell and copper tube, paraffin wax as PCM is used 
having melting point 56.06°C. Thermal solar thermal energy storage unit is attached to 
thermal bath. A double pipe thermal storage, solar collector and an insulated storage tank 
of water, are the three measure components of the system. Energy efficiencies were 63.8 
percent and 77.4 percent, respectively, when using water at flow rate of 1.98 kg/hr and 
10.02kg/hr, although the exergy analysis revealed that efficiencies were around 9.58 
percent and 6.02 percent [47]. 
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Fig.12 Insulated pipe work with PCM [47] 

In the table given below, some recent development of SWH and its performance with 
PCMs has been discussed. 

Table.3. Recent development of SWH with PCM for solar heat energy storage. 

S.N. Solar Water Heater 
category 

Thermal Energy 
Storage material 

Results  Reference 

1. FPSWH  Paraffin wax The maximum daily efficiency was found 
65%, when the FPCSWH was paired 
with the PCM and the storage tank. 
Furthermore, hot water with a 
temperature range of 50 to 60.4 °C will 
be available 24 hours a day. 

[48] 

2. FPSWH  Sodium Acetate  In winter maximum efficiency of 26% 
was achieved whereas in summer it was 
32 % with 40L volume of PCM 
encapsulated into storage tank. 

[49] 

3.  FPSWH  SCi and CuO 
nano composite 
with paraffin wax 
as PCM 

Nano composite phase change 
materials thermal conductivity is 
enhanced by 22.53 percent with the 
addition of  Praffin wax nano composite 
( Total 1.0% mass of SCi and CuO 
nanoparticles) 
The solar collector efficiency increases 
by 4.5 and 7.9 percent, respectively, in 
comparison with the case of without 
PCM.  

[50] 

4. FPSWH  Paraffin Wax with PCM's heat conduction rate is improved [51] 
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Nano Particle  when nanoparticles are added. 
Comparing the solidification temperature 
of nanoparticles in paraffin PCM to that 
of paraffin, the solidification temperature 
of nanoparticles in paraffin PCM is 
greater, depending on the percentage of 
nanoparticle mass fractions. 
The increased thermal conductivity 
allows 
for faster PCM charging utilising readily 
available, highly conductive materials. 

5. FPSWH  Paraffin Wax with 
Alumina Nano 
filler 

The hot water temperature achieved with 
nanofiller is higher. 
Alumina nanofiller and paraffin wax 
worked well together. 

[52] 

6. ETSWH  Paraffin with nano 
CaO2 particle 

Solar Water Heater with paraffin the 
daily exergy and energy efficiency are 
3.96 and 69.64 percent, respectively and 
this result is 0.44 % and 10.89 % higher 
than attained in the deficiency of PCM 
respectively.  
The highest daily energy and exergy 
efficiencies were calculated to be 79.2% 
and 5.14%, respectively when Nano-
encapsulated PCM containing 1.0 
percent mass of CeO2 nanoparticles is 
used. 
More than 1.0 percent mass of CeO2 
nanoparticles in PCM had no effect on 
efficiency of system. 

[53] 

7. FPCSWH Paraffin Wax with 
CuO nano 
particle(20 kg of 
paraffin wax is 
combined with 10 
g of 40 nm nano 
CuO) 

The output Nano CuO-PCM composite 
temperature is greater than that of the 
base PCM. Under identical conditions, 
the highest outlet water temperature 

obtained is 61.8℃, while 80.6℃ was 
obtained using nano CuO-PCM 
composite. 

[54] 

8. FPCSWH/ETCSWH Solid-Liquid 
Organic PCM 

The suitable phase change temperature 
was discovered to be between 40 and 70 
degrees Celsius. 
In a storage tank of water, PCM delivers 
the best results.  

[55] 

9. FPCSWH/ETCSWH Paraffin  The most often used PCM, paraffin, is 
only useful in low as well medium 
temperature applications. PCM 
increased the stand-alone system's 
reliability by allowing it to be used even 
when the sun isn't shining. 

[56] 

10. FPCSWH/ETCSWH Phase Change 
Material  and 
nano particles 

When PCM is used in conjunction with a 
SWH system, improves the overall 
thermal performance. 

[57] 
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A PCM integrated ETC system 
outperforms an ETC-based solar water 
heater without PCMs in terms of energy 
generation. 
Higher performance, reduced CO2 
emissions, and a shorter payback period 
are all advantages of using nanofluid-
based and nano PCMs solar water 
heating 
systems. 

11. FPCSWH Paraffin Wax PCM is used in the storage tank in 
spherical capsule.  
With PCM the exergy efficiency is 
improved by 16% and the thermal 
energy storage density is improved by 
39% increased by 16%. 
It keep hot water at a set temperature for 
up to 25% longer time. 

[58] 

12.  ETCSWH Paraffin wax 
(ALEX WAX 600) 

The results indicate that when used in 
conjunction with a typical forced 
circulation solar water heater, the PCM 
in U-pipe ETC outperforms it in terms of 
energy storage and heat transmission. 

[59] 

13. FPCSWH Paraffin-wax-
6035 

A single fin arrangement with PCM can 
maintain the temperature (55°C) of outlet 
water for long enough to provide hot 
water during non-sunny time. 

[60] 

14. ETCSWH Technical Grade 
Paraffin 

There is increase solar fraction by 20.5 
percent yearly for evacuated tube soar 
collector with their energy storage 
substance with PCM. 

[61] 

15. Solar Domestic Hot 
Water Tank 

CH3COONa.3H2O The PCM heat storage performed 
effectively as a thermal battery and that 
it had the potential to be promoted in the 
low-temperature solar thermal market for 
domestic heat storage 
of houses. 

[62] 

16. ETCSWH Dual-PCM, 
Tritriacontane and 
Erythritol, 

Solar water heaters with dual PCM have 
a large efficiency improvement for 
stagnant and normal operation in 
comparison with the SWH without PCM. 
There are 66 percent improvement 
efficiency in comparison  to typical SWH 
without phase change materials 

[63] 

17. Domestic Solar 
Water Heater 

Low temperature 
PCM like salt 
hydrates 
paraffins, fatty 
acids, and 
alcohols 

Greater thermal efficiency, longer 
operational lifetime, and fewer change in 
temperature are all benefits of using 
PCM in solar collector systems. 
For most of the research paraffin PCM 
was used for energy storage.  
Regardless the rate of mass flow, PCM 

[64] 
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improves the exit temperature of water 
for both system. 
Cylindrically and spherically 
encapsulated PCM near the top of tank, 
increased the storage tank efficiency.  

18. Solar Hot Water 
System Centralized 
 

Paraffin wax with 
expanded 
graphite in Steel 
ball 

Two PCM materials having melting 
temperatures of 55°C and 60°C were 
chosen. 
The for the 55°C PCM the average heat 
release rate was 78 percent, and for the 
60°C PCM the average heat release rate 
was 83 percent. 
In a centralized solar water heater, 60°C 
melting point PCM is more efficient than 
55°C PCM melting point. 

[65] 

19. Solar Domestic hot 
water system 

Three 
kilogrammes of 
paraffin , stearic 
acid (PS), palmitic 
acid (PP), and 
myristic acid (SM) 
mixes with an 
80:20 weight 
percent ratio were 
created with 
10%(PCM weight) 
graphite  

Paraffin with stearic acid with 10% 
graphite) provided the best results for 
improving the domestic solar water 
heater thermal performance (74 percent 
efficiency). 

[66] 

20. Solar water heater 
with PCM in 
spherical capsule in 
water storage 
tank(Inside the tank, 
paraffin is 
encapsulated in 180 
spherical capsules 
with a diameter of 
38 mm.) 

Paraffin Wax  It has been discovered that employing 
storage tank with PCM, there is rise in 
storage density by 39% and rise exergy 
efficiency by 16 percent. In addition, 
water heaters incorporating PCMs can 
give hot water at specific temperature for 
25% longer. 

[67] 

21. Solar water heating 
system(PCM in 
cylindrical 
aluminium 
container) 

Paraffin wax  
 

It was discovered that by using PCM in 
storage tank (encapsulation of PCM in 
cylindrical vessel) can result in a 13–

14℃ rise in temperature of hot water 
over a period of time. 
Water temperature in the storage tank 
remained at least 30 degrees Celsius 
higher than the surrounding temperature 
for a 24-hour test condition. 

[68] 

22. FPCSWH Paraffin wax and 
paraffin wax with 
20-nm nano-Cu 
particles (1.0 
wt%) PCM 

During experimentation i) without PCM, 
ii) PCM, and iii) Cu-PCM Nano 
composite, the maximum value of 
efficiency obtained 47.6%, 51.1 percent, 
and 52.0 percent respectively at 10 

[69] 
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nanocomposite degree inclination of solar collector. 

23. ETCSWH with nano 
embedded  PCM  

Paraffin wax with 
CeO2 

nanoparticles  

The incorporation of paraffin with nano 
particles, considerably improve the 
efficiency. The addition of 1% CeO2 

nanoparticle has been considered as an 
ideal mixture.  

[49] 

Abbreviation: 

PCMs Phase Change Materials 

SWH Solar Water Heater 

FPCSWH Flat Plate Collector Solar Water Heater 

ETCSWH Evacuated Tube Collector Solar Water Heater  

NCPCM Nano composite PCM 

NCPCM Nano Composite Phase Change Material 

℃ Degree Celsius 

 

Conclusions:  

1. There are three types of solar thermal energy storage technology, sensible, latent 
and thermochemical. Solar thermal energy storage technology with PCM can used for the 
energy storage in solar water heaters because of higher energy storage density and low 
temperature operability that is required for solar water heater. 
2. PCM have been categorized in three parts like, organic , inorganic and eutectic with 
three desirable properties i) Thermo physical, ii) Chemical, iii) Economical. 
3. For low temperature application like solar water heater, Organic PCMs such as 
paraffin, fatty acid, polyalcohols, sugar alcohols, sodium acetate trihydrate, hydrated salt 
paraffin, others are more suitable. 
4. PCM in solar water heater can be used in solar collector, storage tank and insulated 
pipe work. 
5. In the study Paraffin wax have been used as base Phase change material for 
application in solar water heater. 
6. Many researchers have used PCM Nano composite, Solid mesh, microencapsulation 
and Nano encapsulation technique with PCM to enhance the performance of SWH. 
7. Cylindrical and spherical encapsulation PCM technique near the top of water storage 
tank have been used to enhance the SWH performance.   
8. In recent studies Paraffin wax, sodium acetate, SCi and CuO nano composite with 
Paraffin wax, Paraffin wax with Alumina nano filler, Paraffin wax with CaO2 nano particles, 
Paraffin wax with CuO nano particles, PCM with Nano particles, Technical grade paraffin, 
Sodium acetate trihydrate, sodium acetate, Dual-PCM, Tritriacontane and Erythritol, salt 
hydrate paraffin, paraffin wax with expanded graphite, Paraffin wax with Stearic, Palmitic, 
mystric acid with graphite, paraffin wax with Cu nano particles, paraffin wax with CeO2, 
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etc have been used as energy storage material to analyze the performance of solar water 
heater. 
9. It has been found the performance of SWH with PCM is higher than without PCM. 
10. In some studies it is found that the performance of solar water heater with PCM nano 
composite at some appropriate ration, is higher than the performance of SWH with pure 
PCM.  
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