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ABSTRACT 

The application of nanofluids, specifically graphene nanoplatelets, as a working fluid in photovoltaic thermal (PV/T) has attracted 
much attention due to the enhanced thermophysical properties of nanofluids compared to those of conventional working fluids. In 
comparison to traditional fluids, nanofluid is a potential heat transfer fluid that can significantly improve system efficiency. The 
nanoparticle's large surface area and small size result in an increased rate of heat transmission. This review addressed the use of 
graphene nanoplatelets (GNP) as a working fluid in PV/T systems. Incorporating GNP into PV/T systems can attain many advantages, 
including enhanced thermal conductivity and increased energy conversion efficiency. The review goes through the difficulties in 
synthesizing and characterizing GNP and the thermophysical properties of GNP. In addition, the review highlights the experimentation 
on the performance of PV/T systems in terms of thermal properties that use GNP as their working fluid. The integration of graphene 
nanoplatelets (GNP) as a working fluid in photovoltaic thermal (PV/T) systems holds immense promise for enhancing system 
efficiency and energy conversion rates. The demonstrated benefits of GNP, including its superior thermal conductivity and increased 
heat transmission efficiency, underscore its potential as a key component in advancing PV/T technology. The reviews concluded that 
the composition of 0.5 wt.% with a ratio of 1:1 to the surfactant shows the best formulation and can achieve good dispersion of the 
nanofluid. 
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1. INTRODUCTION 

With the increasing demand for renewable energy and 
dependency on electrical power, solar energy is considered 
a top renewable energy source due to its simplicity, 
accessibility, and low cost [1]. The use of photovoltaic (PV) 
panels is one of the most prevalent methods for 
transforming solar energy into electricity [2]. A form of 
solar energy technology known as photovoltaic thermal 
(PV/T) systems combines photovoltaic (PV) and thermal 
energy conversion into a single system. By utilizing the heat 
produced by the PV cells in addition to turning sunlight into 
electricity, these systems can significantly increase the 
energy efficiency of solar power production. The PV/T 
efficiencies can be achieved in a range of 50 – 70% [3]. 

Recently, nanofluids have received much attention as the 
working fluid in PV/T systems due to their superior 
thermophysical properties compared to more traditional 
working fluids like water, oil, and air [4]. A study by Al-
Shamani et al. [5] shows that the usage of several types of 
nanofluids leads to a higher efficiency of the PV compared 
to water. Although interest in using nanofluids as working 

fluids to enhance the performance of PV/T systems has 
grown over the past few years, more research is still 
needed in this field. There is a need to further optimize the 
properties of nanofluids for PV/T applications. This 
includes tailoring nanofluid compositions, nanoparticle 
sizes, concentrations, and surface modifications to achieve 
the most favorable thermal conductivity, stability, and 
compatibility with PV/T systems. Several studies have 
investigated the use of nanofluids in PV/T systems and 
have shown promising results. Madas et al. [6] and 
Murtadha [7] both found that using nanofluids as coolants 
in PV/T systems led to increased electrical efficiency and 
power output. Ensuring the long-term stability and 
reliability of nanofluids is crucial for practical applications. 
Research is required to assess the durability and 
performance of nanofluids over extended periods, 
accounting for factors such as nanoparticle agglomeration, 
sedimentation, and potential degradation under varying 
operational conditions [8], [9]. While nanofluids show 
promise in enhancing heat transfer and energy conversion 
efficiency in PV/T systems, there is a need for 
comprehensive studies that quantify and validate these 
enhancements under diverse operating conditions. 
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Understanding the mechanisms behind the improved 
performance will further guide optimization efforts. One 
recent study area that has generated interest is using 
graphene nanoplatelets as the working fluid in PV/T 
systems. Graphene nanoplatelets (GNP) are stacks of 
graphene sheets, which are two-dimensional materials 
made of carbon atoms organized in a hexagonal lattice [10]. 

GNP has potential advantages in PV/T systems, including 
improved thermal conductivity and energy transfer 
efficiency. GNP's superior thermal conductivity produces 
lower operating temperatures and higher electrical 
efficiency, allowing for more exceptional heat transfer 
between the solar cells and working fluid. According to Seki 
et al. [11], the system's thermal performance can be 
improved even further by using GNP, which can also thin 
the thermal boundary layer and lower the barrier to heat 
transmission. 

Numerous studies have been conducted on the efficiency of 
PV/T systems using GNP as the working fluid, and the 
results are encouraging. More research is still needed to 
better understand the resilience and long-term 
performance of PV/T systems and enhance the synthesis 
and integration of GNP in these systems. 

1.1. Overview of Nanofluids 

The formation of nanofluids represents a relatively recent 
development in fluid science. In general, nanofluids are 
created by dispersing nanoparticles in a base fluid. 
Nanoparticles give these fluids unique characteristics like 
excellent thermal conductivity, better heat transfer 
coefficients, and improved stability [12]. Because of this, 
they have recently become a prominent research subject, 
and many studies have been carried out to comprehend 
their characteristics and possible uses. 

To formulate a nanofluid, there are several methods that 
can be used, like the one-step and two-step methods. The 
synthesis or production of nanoparticles and their 
dispersion or addition into a base fluid are done 
simultaneously in a one-step method to formulate 
nanofluids [13]. These approaches aim to simplify the 
process by integrating nanoparticle manufacturing and 
dispersion into the fluid in a single step. Most researchers 
used the two-step method in formulating a nanofluid. One 
primary reason why the one-step method is less widely 
used compared to the two-step method is the control over 
the size, shape, and dispersion of nanoparticles. It is a 
challenge to achieve stability in colloidal suspensions [14]. 
Nanofluids are made of a base fluid and nanoparticles, and 
the stability of the nanofluid is crucial for its performance 
[15]. Different techniques, such as surfactant addition or 
surface modification, are suggested for enhancing the 
stability of nanofluids. However, the one-step method may 
not provide sufficient stability for the nanofluids, leading to 
agglomeration and sedimentation of the nanoparticles [16] 
which can limit the viability of the nanofluid for desired 
applications. Additionally, Younes et al. [17] stated that 
one-step methods might lead to variations in particle 

characteristics and distribution, impacting the overall 
performance of nanofluids. Therefore, a two-step method 
is often preferred for preparing nanofluids with improved 
stability. The two-step method often allows for more 
precise control and optimization of these factors, ensuring 
consistent stability and desired properties that can result 
in more stable nanofluids [18]. The complexity of the 
synthesis process and the need for reproducibility in many 
applications often favor the two-step method. In the two-
step method, the nanoparticles are produced separately 
and suspended in a base fluid [18]. Figure 1 shows an 
overview of the two-step method for formulating a 
nanofluid. 

Nanofluids have been extensively studied for their ability 
to improve heat transfer and thermal efficiency in various 
thermal systems. Nanofluids have the potential to 
revolutionize several fields, including cooling systems, 
refrigeration, and electronics. To fully achieve their 
potential, addressing the difficulties with their synthesis, 
stability, and cost is necessary. The synthesis and 
characteristics of nanofluids need to be optimized, and 
there is still work to be done to create efficient production 
techniques. Research has shown that adding nanoparticles 
to the working fluid can improve the thermophysical 
properties of nanofluids, leading to better heat transfer 
rates. A study by Aswad et al. [20] shows that the use of 
nanofluids can improve the heat transfer and thermal 
efficiency of PV/T by about 12%. Other than that, studies 
by Ray et al. [21] have demonstrated that nanofluids can 
significantly increase the heat transfer rate compared to 
traditional heat transfer fluids, even without considering 
the Reynolds number effect. It has also been discovered 
that adding nanofluids to heat exchangers enhances their 
functionality, making them more compact and effective for 
a variety of industrial uses [22]. Studies into the thermal 
enhancement of nanofluids in channel flows by Jbeili et al. 
[23] have shown that nanoparticles close to the wall raise 
the local heat flux and lower the local wall temperature, 
which raises the heat transfer coefficient. Experimental 
studies by Barai et al. [24] have also shown that nanofluids 
can improve the efficiency of heat pipes, with increased 
heat transfer coefficients and reduced thermal resistance. 
Overall, the use of nanofluids has shown enormous 
potential for enhancing heat transfer and thermal 
efficiency in various systems. 

 

 

Figure 1. Overview of the two-step method [19] 
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1.2. Photovoltaic Thermal System (PV/T) 

A photovoltaic thermal system is the combination of the 
technology of a photovoltaic system and a solar thermal 
system. In simple terms, the two separate systems' overall 
performance is improved by this hybrid technology [25]. 
According to Rosli et al. [26], the PV acts as a typical flat 
plate solar collector, absorbing sunlight and generating 
energy from the irradiance. The temperature increase of 
the PV cells is regrettably the biggest cause for concern 
because it can have a bad impact on electrical performance. 
Thus, lowering the temperature of the PV cells by removing 
extra heat via heat transfer fluids can increase electrical 
efficiency [27], [28]. 

In comparison to traditional fluids, nanofluid is a potential 
heat transfer fluid that can significantly improve system 
efficiency. The nanoparticle's large surface area and small 
size result in an increased rate of heat transmission. Due to 
this, it has lately acquired a new aspect for investigations 
to improve its thermal behavior for applications in the 
engineering field. Figure 2 shows the setup of the PV/T 
system studied by Rejeb et al. [29], where they discuss the 
numerical and experimental validation of a photovoltaic 
thermal (PV/T) nanofluid-based collector that also covers 
the electrical and thermal performances of the PV/T 
system using different types of nanofluid. Their studies 
compared the performance of PV/T using Al2O3 and Cu 
nanoparticles with different base fluids, which are pure 
water and ethylene glycol. The main findings of this study 
found that the use of pure water as a base fluid in PV/T 
collectors gives better performance compared to ethylene 
glycol. On top of that, the results of their studies show that 
the combination of Cu/water shows the best thermal and 
electrical efficiency compared to other combinations. 

According to Said et al. [30], the top nanofluid-based optical 
filter can transmit 82% of the PV cells' intended spectrum. 
In terms of electrical efficiency, the separate channel 
system outperformed the double-pass design in 
concentrated systems by 8.6%. In the economics area, the 
study also demonstrates that nanotechnology lowers 
production costs as a result of adopting a low-temperature 
technique. 

 

Figure 2. Experimental setup of the PV/T system [29] 

 

Another factor that can influence the performance of the 
PV/T is the design of the collector tube. A study by Rosli et 
al. [31] stated that the heat transfer between the PV and 
serpentine collection absorber can be improved by using 
numerous tubes. The use of the F-Chart method can also be 
useful in aiding in the selection of the size and type of solar 
collector [32]. 

2. GRAPHENE AS NANOFLUIDS 

Graphene nanoplatelets (GNP), as shown in Figure 3, are a 
type of graphene that is made of thin, platelet-shaped 
particles with a large surface area [33]. These materials are 
advantageous in a range of applications, including 
photovoltaic thermal (PV/T) systems, because of their 
distinctive thermal and electrical properties. The use of 
GNP as a working fluid in PV/T systems has attracted 
increasing attention in recent years, and several studies 
have explored their possible advantages. 

It has been demonstrated that GNP are consequently better 
at transferring heat, allowing PV/T systems to operate at 
higher temperatures and achieve higher thermal 
efficiencies [34], [35]. The addition of GNP to the transfer 
fluid in PV/T collectors has been found to significantly 
increase the overall energy efficiency of the system [36]. In 
one study by Venkatesh et al. [37], the use of water-based 
graphene nanofluids improved the energy efficiency of 
PV/T systems by 13%. In addition to its thermal properties, 
GNP has good electrical conductivity; one study by Borode 
et al. [38] proved that the use of GNP/Fe2O3 hybrid 
nanofluids exhibited better electrical conductivity than 
water.  In PV/T systems that integrate solar cells, the GNP 
can aid in releasing extra heat and reduce the risk of 
hotspots or thermal damage to the solar cells, which can be 
beneficial [39]. Additionally, the use of GNP in PV/T 
systems has been shown to reduce the temperature of the 
solar panel, further improving the system's efficiency [40]. 

 

Figure 3. Graphene nanoplatelets powder 
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With encouraging outcomes, several researchers have 
investigated the use of GNP as a working fluid in PV/T 
systems. For instance, a study by Alous et al. [41] examined 
how well a PV/T system performed when GNP was used as 
the working fluid. Compared to a traditional water-based 
system, the study discovered that the GNP increased the 
system’s thermal efficiency by 22.1%. In a different study 
[36], the GNP’s application in a PV/T system was examined, 
and the study discovered that, compared to a system that 
only used distilled water, the GNP increased the system’s 
overall efficiency by 56.1%. 

Besides the potential of using GNP as a working fluid in 
PV/T systems, several issues still must be resolved. One 
concern is the cost of generating GNP, which could reduce 
its commercial viability. Furthermore, there are still some 
concerns about the long-term stability and endurance of 
the GNP in PV/T systems. 

2.1. Features and Qualities of GNP 

Graphene nanoplatelets (GNP) have been extensively 
studied and found to be useful in a wide range of 
applications in the energy field. GNP can be used in a broad 
scale of applications, including energy storage, electronics, 
composites, coatings, and many more. They have been 
shown to enhance the efficiency of various energy storage 
and harvesting technologies, including supercapacitors, 
batteries, solar cells, and triboelectric nanogenerators [42] 
[43], [44], [45]. They can be used to increase the energy 
storage capacity of supercapacitors, enhance the power 
density of batteries, and improve the efficiency of solar 
cells. GNP’s layered structure gives them a huge surface 
area, allowing for more outstanding performance and 
increased reactivity in various applications [46]. The high 
thermal and electrical conductivity, mechanical strength, 
and large surface area of the GNP make them ideal for 
improving the performance and stability of these energy-
related applications. With a tensile strength that is more 
than 200 times stronger than steel, GNP is also incredibly 
strong and rigid [47]. Moreover, GNP is remarkably 
lightweight, making it perfect for lightweight composites 
[48]. GNP is very conductive, making it ideal for electronic 
and energy storage technology applications. Because it is 
highly thermally conductive, GNP is suitable for thermal 
management applications. 

3. METHODOLOGY 

3.1. Preparation of Graphene Nanoplatelets 

The nanofluid preparation can be extremely important 
because it significantly affects the stability and qualities of 
the nanofluids, and as a result, extreme vigilance must be 
exercised. There are numerous methods that can be used 
to prepare GNP nanofluids, like the one-step and two-step 
methods. All the studies reviewed utilized the two-step 
method to formulate the nanofluids. The use of surfactant 
in formulating nanofluid is optional. Figure 4 shows an 
overview of the two-step method and procedure used to 
formulate the nanofluids. Basically, the mass/volume 

fraction or concentrations are calculated using the 
equation as stated in Eq. (1) [49]. 

𝜑 = [

𝑤

𝜌𝑝

𝑤

𝜌𝑝
+
𝑤𝑏𝑓
𝜌𝑏𝑓

] × 100 (1) 

In this equation, ‘φ’ is the concentration, ‘w’ is the weight 
of nanoparticles, ‘ρp’ is the density of nanoparticles, and 
‘wbf’ and ‘ρbf’ are the weight and density of the base fluid, 
respectively. 

Generally, the two-step method is the most extensively 
utilized method in producing nanofluids [37], [50], [51], 
[52], [53]. The dry powder nanoparticles employed in this 
technology are made via chemical or physical procedures. 
The nano powder will then be homogenized and 
ultrasonically agitated before being dissolved in a fluid. 
This two-step method is the most cost-effective method to 
generate nanofluids on a large scale because techniques for 
the synthesis of nano powder have already been scaled up 
to levels of production that are commercially viable [54]. 
Given that high-surface-area nanoparticles tend to 
aggregate and agglomerate, the use of surfactants is being 
explored to increase the nanofluids' stability. It is 
important to formulate the nanofluid properly and 
carefully, as it will affect the thermophysical properties and 
later affect the PV/T's performance. 

3.2. Characterization Analysis 

To understand the characteristics, behavior, and possible 
uses of nanoparticles, it requires characterization studies. 
The characterization of nanoparticles is a critical step in 
formulating a nanofluid to improve the efficiency of the 
results needed. By giving thorough details about the 
nanoparticles' size, shape, composition, surface attributes, 
and behavior, characterization analysis enables 
researchers to comprehend and alter these characteristics. 
The thermophysical properties of a nanofluid are highly 
influenced by its morphology. As such, Ali [55] stated in his 
study that X-ray diffraction (XRD) helps to examine the 
crystallinity of the GNP and confirm the purity of the 
nanoparticles. It is due to the fact that materials such as 
metals, metal oxides, polymers, and semiconductors can all 
be found in nanoparticles. As shown in Figure 5, the XRD 
pattern of the highest peak (002) has shown that the 
pattern corresponds to graphene and supports the 
manufacturer's claim. 

 

Figure 4. Two-step method procedure 
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Figure 5. XRD analysis of the supplied graphene nanoplatelets 
[55] 

While for Field Emission Scanning Electron Microscopy 
(FESEM), it is to show that the nanomaterial used has 
platelets with a morphological shape [56]. The surface of 
whole or fractioned objects can be visualized using a 
FESEM to show extremely tiny topographic characteristics. 
As shown in Figure 6, Ahmadi et al. [57] found that the 
morphology and form of nanoparticles are visible in the 
FESEM images of GNP. 

FESEM can demonstrate whether the particles have a 
certain shape, such as a sphere, a rod, a plate, or another 
shape. Nanoparticle shape is significant because it 
influences both their physical and chemical characteristics. 
For instance, compared to spherical nanoparticles, 
elongated nanoparticles may display distinct optical or 
electrical behaviors [58]. 

By using characterization approaches, it enables 
researchers to customize nanoparticles' characteristics, 
improve their functionality, and guarantee their safety in a 
variety of disciplines by giving them extensive information 
on their size, shape, composition, surface qualities, and 
stability. 

3.3. Stability of Graphene Nanoplatelets 

One major issue that is always related to nanofluid is the 
high potential of the nanoparticles to agglomerate and 
sediment. It is due to the nature of the nanoparticles that 
the concentration of the nanoparticles in the base fluid is 
highly affecting the stability of the nanofluid. The stability 
of the nanofluid can be achieved by different methods. 

In this section, the stability of GNP is reviewed. The key 
issues in formulating graphene nanofluid are the 
nanomaterial's stability and successful dispersion in the 
base fluid. Due to the fact that graphene is hydrophobic, 
stability becomes a significant issue. To achieve thermal 
conductivity in the nanomaterial, the size and quantity of 
layers are crucial. The nanofluids always tend to aggregate 
and agglomerate because of the large surface area of the 
 

 

Figure 6. FESEM image of graphene nanoplatelets. [57] 

nanoparticles [59]. The addition of surfactants can improve 
the stability of nanofluids and prevent nanoparticle 
agglomeration [60]. Surfactants play a critical role in 
increasing nanofluid dispersion by reducing surface 
tension and preventing agglomeration [61]. The choice of 
surfactant depends on the specific properties of the 
nanoparticles and the liquid medium. The surfactant 
should be compatible with the nanoparticles and the liquid, 
as well as be able to form a stable adsorption layer on the 
particle surface. 

Besides maintaining stability, surfactants can aid in 
enhancing the dispersion and homogeneity of 
nanoparticles in the fluid, which can enhance performance 
in various applications, particularly PV/T systems. The 
summary of surfactants used in previous studies is shown 
in Table 1. In the context of graphene nanoplatelets, the 
surfactant can aid in maintaining stability by adsorbing 
onto the GNP surface, forming a stabilizing layer that 
hinders particle attraction and allows for improved 
dispersion in the formulation [62]. Depending on the 
surfactant mechanism, different surfactant types can affect 
GNP dispersion in different ways. Surfactants have 
hydrophilic and hydrophobic regions that enable them to 
adsorb onto GNP surfaces [63]. Besides, according to a 
study by Abedi et al. [64], surfactants can also influence the 
electronic, thermal, and mechanical properties of GNP. 
Some surfactants may also alter the electronic structure of 
GNP, impacting its conductivity. 

4. RESULTS AND DISCUSSION 

4.1. Thermophysical Properties of GNP 

The addition of nanoparticles to the base fluid will alter the 
thermophysical properties of the nanofluids, making them 
superior. As discussed in the previous section, it is 
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Table 1. Surfactants used in previous studies 
 

Surfactant Duration of Observation Stability test method References 

SDS 45 days UV-Vis [55] 

SDS 72 hours Sedimentation analysis [65] 

SDC Not stated Zeta Potential Distribution [37] 

SDBS Not stated Sedimentation method [66] 

SDBS 
SDS 

CTAB 
GA 

60 days 
UV-Vis 

Zeta potential 
TEM 

[67] 

SDC 30 days Not stated [68] 

WRA 1 month Sedimentation [69] 

SDC 15 days Zeta potential analysis [70] 

 

extremely important to carefully formulate the nanofluid, 
as it will affect the thermophysical properties and later 
impact the performance of the PV/T. The most important 
thermophysical properties that have always been 
discussed in other studies are thermal conductivity, 
viscosity, density, and specific heat capacity. Table 2 
summarizes the thermophysical properties of GNP from 
past research. 

In general, a higher thermal conductivity provides a better 
thermal effect. A material with a higher thermal 
conductivity will transmit heat more effectively. This 
practically translates to the material's ability to absorb and 
transfer heat quickly, improving thermal effects [71]. This 
efficiency is crucial, as materials with higher thermal 
conductivity can transfer heat more rapidly [37]. This is 
critical in situations where efficient heat dissipation is 
required, such as in thermal management systems. Other 
than that, higher thermal conductivity helps achieve more 
uniform temperatures across a material [72]. Moreover, it 
also leads to improved energy efficiency, where efficient 
heat transfer reduces the need for excessive heating or 
cooling [73], [74]. It also contributes to better cooling 
performance, as the use of nanofluids in PV/T systems is 
intended to aid in better cooling techniques. Ahmadi et al. 
[57] found that increasing the GNP mass fraction by up to 
0.2 wt% could increase thermal conductivity by 38.63%. In 
two studies, GNP’s thermal conductivity showed the same 
result, where it achieved up to 5000 W/mK [41], [75]. 
While a study by Alshikhi et al. [36] shows a result of 
1.1755 W/mK for thermal conductivity. 

The viscosity of a nanofluid is a measurement of the 
suspension's tendency to resist flow, which influences the 
convective heat transfer coefficient [76]. Viscosity plays a 
major part in determining the heat transfer properties of 
the fluid [77]. As a result, the addition of 0.1 wt.% GNP 
produces an excellent result, with a 44% increase in 
viscosity compared to the base fluid. There is also an 
increment of 15.65% when the volume is 0.01% at room 
temperature. While in another study [57], the viscosity of 
the GNP increased by 7.52%. 

4.2. Experimentation on the Thermal Performance of 
PV/T Systems Utilizing GNP 

Experimental studies have been conducted to investigate 
the thermal performance of the PV/T systems utilizing the 
GNPs and are reviewed in this section. Mahamude et al. 
[75] stated that the thermal conductivity of the GNP 
increases by 17%, and the viscosity is also enhanced by 
about 50%. The heat transmission capability of the 
graphene nanofluids is enhanced by their greater surface 
area and volume production. Table 3 summarizes previous 
research on the thermal performance of PV/T systems 
using GNP as a working fluid. 

4.3. Applications of GNP in PV/T 

Numerous studies have been done on the performance of 
photovoltaic thermal (PV/T) systems that use GNP as the 
working fluid. In one study, Taheri et al. [80] compared the 
performance of PV/T using nanofluids with and without a 
transparent glass cover. According to the research, using 
GNP as the working fluid in a PV/T system led to a 22.65% 
boost in overall efficiency when compared to a system that 
used only deionized water. GNP's enhanced thermal 
conductivity enabled the working fluid to transfer heat 
from the solar cells more effectively, lowering running 
temperatures and raising electrical efficiency. Another 
study done by Huq et al. [81] showed that the thermal 
performance of a PV/T system was enhanced by using GNP 
as the working fluid by lowering thermal resistance at the 
working fluid-solar cell interface. As a result, the heat 
removal rate went up, increasing the system's thermal 
efficiency. Alshikhi et al. [36] also proved that GNP's results 
are better than those of hybrid nanofluid and distilled 
water because it has better thermal and overall efficiency, 
which increased by about 7.3% and 7.7%, respectively. 

A study by Ali [55] focuses on the thermophysical 
properties and dispersion stability of graphene-based 
nanofluids, focusing on the influence of nanomaterial 
concentrations and surfactant ratios. The study shows that 
using a low concentration of surfactant demonstrated 
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Table 2. Summary of thermophysical properties of GNP 
 

Base Fluid Surfactant Thermal 
Conductivity 

(W/mK) 

Viscosity 
(mPa.s) 

Density, 
(kg/m3) 

Specific Heat 
Capacity 
(kJ/kg.K) 

References 

Water - 1.1755 - 1259.5 2803 [36] 

Deionized water SDS 2.2 1.03 995 3400 [55] 

Ethylene glycol SDC 0.313 - - - [70] 

Water SDC 0.716 - - - [70] 

Deionized water - 0.69 - - - [78] 

 
Table 3. Summary of PV/T thermal performance utilizing GNP as nanofluid 

 

Base Fluid Concentration Surfactant Findings References 

Distilled water 0.5 wt.% No surfactant GNP shows superior thermal efficiency with 
overall efficiency of 56.1% compared to 
distilled water and hybrid nanofluid 

[36] 

Water 0.01 wt.% 
0.02 wt.% 

No surfactant Thermal efficiency of PV/T increase up to 
18.87% 

[57] 

Water 0.1 vol% 
0.2 vol% 
0.3 vol% 

SDC The efficiency of PV/T improved significantly 
which is 85% for 0.085 kg/s at 0.3 vol% 

[37] 

DI/EG 0.05 wt.% No surfactant Thermal conductivity of GNP increases by 17% 
and leads to improved heat transfer capacity 
due to higher surface area 

[75] 

DI Water 0.005 – 0.5 vol% No surfactant The maximum efficiency achieved by using GNP 
is 93.24% at mass flow rate of 0.015 kg/s 

[79] 

Water 0.025 wt.% 
0.5 wt.% 

0.075 wt.% 
0.1 wt.% 

No surfactant The maximum efficiency achieved by the 
collector is 90.7% at 1.5 L/min with 0.1 wt.% of 
GNP 

[50] 

 

short-term stabilization capability, while a 1:1 weight ratio 
of graphene to surfactant and higher caused the dispersion 
to be physically stable for 45 consecutive days. 

Moreover, researchers have demonstrated that using GNP 
in PV/T systems can enhance the mechanical properties of 
the working fluid, such as viscosity and shear strength [57], 
[75], [82]. Based on the studies, this can reduce the 
pumping power required to circulate the fluid, resulting in 
improved flow stability and reduced energy consumption. 

In general, using GNP as a working fluid in PV/T systems 
has shown encouraging results in terms of enhancing 
system performance and reducing system size and weight. 
However, more investigation is required to improve the 
synthesis and incorporation of GNP in PV/T systems and to 
comprehend the durability and long-term performance of 
these systems. 

4.4. Discussion 

Despite the potential applications of nanofluids, 
particularly for GNP, their use is still limited due to several 
challenges. The main challenge of using graphene as a 
nanofluid is the sonication of graphene. It is also quite a 
challenge to maintain the ideal thermophysical properties 
to achieve the needed heat transfer rate to increase 
thermal efficiency. Suitable surfactants must be chosen to 
create effective nanofluids [75]. 

Due to various circumstances, the synthesis and 
characterization of GNP can be challenging. Primarily, the 
need for exact control of the reaction parameters, such as 
temperature, pressure, and precursor materials, makes it 
challenging to synthesize high-quality GNP. The final 
nanofluid’s quality can also be influenced by the quality of 
the starting materials, the reaction duration, and the kind 
of surfactant employed. 

Furthermore, advanced methods like high-resolution 
transmission electron microscopy (HRTEM), Raman 
spectroscopy, Fourier transform infrared (FTIR), and 
atomic force microscopy (AFM) are needed for 
characterizing GNP. On the other side, particle size analysis 
is also important to be done, as it can confirm the particle 
size of the nanoparticles before formulating them into 
nanofluids. There are not many results on particle size 
analysis, as it is rarely done by researchers. 

Additionally, GNP can simply aggregate and agglomerate 
due to its large surface area and strong van der Waals 
forces within the layers [83]. As a result, it may be difficult 
to characterize them and determine how this affects their 
characteristics. 

GNP can also be contaminated during the synthesis 
process, which can affect their properties and make 
characterization challenging. It can be challenging to 
remove impurities and control the composition of the final 
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product. The properties of GNP can vary depending on 
their size, shape, number of layers, and quality. This 
variability can make it difficult to achieve consistent 
results, especially in large-scale production. 

Overall, the synthesis and characterization of GNP can 
present some challenges, but with proper techniques and 
equipment, these difficulties can be overcome. Advances in 
synthesis and characterization techniques can lead to 
improved quality, consistency, and control of GNP for a 
range of applications. 

5. CONCLUSION 

This paper presents an overview of the utilization of GNP 
in PV/T systems and the recent works carried out on solar 
energy systems. The use of GNP as the working fluid in 
PV/T systems is by far showing a good result. The literature 
shows that most of the research is focusing on thermal 
aspects, specifically thermal conductivity, and heat transfer 
enhancements. There are several conclusions that can be 
drawn from this review: 

• The characterization of GNP, such as XRD, SEM, 
FESEM, and particle size analysis, are crucial to be 
examined as they influence the results of the 
formulated nanofluid and later will affect the 
efficiency of the PV/T. 

• The best solution for nanofluid is 0.5 wt% GNP-DI 
water. 

• The use of deionized water as a base fluid results in 
better nanofluid mixing and stability. 

• The best mixing method for nanofluids has proven 
to be the two-step method. 

• The use of SDS as a surfactant in a ratio of 1:1 with 
graphene can achieve a good dispersion of 
nanofluid. 

• The stability of the nanofluids played a significant 
role in the nanofluid formulation to ensure a good 
mixing of nanofluids. 

• The thermophysical properties of the nanofluids are 
highly influenced by their particle morphology. 

• The use of GNP in PV/T has been proven to enhance 
the efficiency and performance of PV/T up to 
22.65%. 

 

In general, intensive research and development is being 
done to improve the use of GNP as a working fluid in PV/T 
systems, and the results thus far are encouraging. More 
research will be required to fully comprehend the possible 
advantages and restrictions of this strategy, as well as some 
of the necessary technological and financial obstacles. 

ACKNOWLEDGMENTS 

The authors would like to thank Universiti Teknikal 
Malaysia Melaka for the facilities. 

REFERENCES 

[1] International Renewable Energy Agency (IRENA), 
"Solar energy," 2022. [Online]. Available: 
https://www.irena.org/Energy-
Transition/Technology/Solar-energy. 

[2] M. Ahmadinejad, A. Soleimani and A. Gerami, "The 
effects of a novel baffle-based collector on the 
performance of a photovoltaic/thermal system using 
SWCNT/Water nanofluid," Thermal Science and 
Engineering Progress, pp. 1-13, 2022. 

[3] F. A. Sachit, N. Tamaldin, M. A. M. Rosli, S. Misha and 
A. L. Abdullah, "Current Progress on Flat-Plate Water 
Collector Design in Photovoltaic Thermal (PV/T) 
Systems: A Review," Journal of Advance Research in 
Dynamical & Control Systems, vol. 10, no. 04-Special 
Issue, pp. 680-694, 2018. 

[4] K. Sopian et al., “Optimizing Nanofluids with the 
Optimum of Round Tube Design on the Performance 
of PVT Collector,” in Proceeding of The 3rd 
Engineering Science And Technology International 
Conference (ESTIC), 2016, pp. 30–34. 

[5] A. N. Al-Shamani, K. Sopian, S. Mat, H. A. Hasan, A. M. 
Abed and M. H. Ruslan, "Experimental studies of 
rectangular tube absorber photovoltaic thermal 
collector with various types of nanofluids under the 
tropical climate conditions," Energy Conversion and 
Management, vol. 124, pp. 528-542, 2016. 

[6] S. Madas, R. Narayanan and P. Gudimetia, "Numerical 
investigation on the optimum performance output of 
photovoltaic thermal (PVT) systems using nano-
copper oxide (CuO) coolant," Solar Energy, vol. 255, 
pp. 222-235, 2023. 

[7] T. K. Murtadha, "Effect of using Al2O3/TiO2 hybrid 
nanofluids on improving the photovoltaic 
performance," Case Studies in Thermal Engineering, 
vol. 47, p. 103112, 2023. 

[8] S. K. Singh, "Review on the Stability of the 
Nanofluids," in Pipeline Engineering - Design, Failure 
and Management, IntechOpen, 2023, pp. 1-24. 

[9] M. H. R. Alktranee and P. Bencs, "Factors affecting 
nanofluids behaviour: A review," International 
Review of Applied Sciences and Engineering, vol. 14, 
no. 2, pp. 241-255, 2023. 

[10] J. Li and F. L. Martin, "Current Perspective on 
Nanomaterial-Induced Adverse Effects: 
Neurotoxicity as a Case Example," Neurotoxicity of 
Nanomaterials and Nanomedicine, pp. 75-98, 2017. 

[11] Y. Seki, B. Avci, S. Uzun, N. Kaya, M. Atagur and K. 
Sever, "The Using of Graphene Nano-Platelets for a 
Better through-Plane Thermal Conductivity for 
Polypropylene," Polymer Composites, vol. 40, no. S2, 
pp. 1-9, 2018. 

[12] F. A. Sachit, M. A. M. Rosli, N. Tamaldin, S. Misha and 
A. L. Abdullah, "Nanofluids Used in Photovoltaic 
Thermal (PV/T) Systems: a Review," International 
Journal of Engineering and Technology, vol. 7, no. 
3.20, pp. 599-611, October 2018. 

[13] A. Arshad, M. Jabbal, Y. Yan and D. Reay, "A Review 
on Graphene based Nanofluids: Preparation, 



International Journal of Nanoelectronics and Materials (IJNeaM) 

351 

 

Characterization and Applications," Journal of 
Molecular Liquids, pp. 1-117, 2019. 

[14] F. Seifikar, S. Azizian, M. Eslamipanah and B. Jaleh, 
"One step synthesis of stable nanofluids of Cu, Ag, Au, 
Ni, Pd, and Pt in PEG using laser ablation in liquids 
method and study of their capability in solar-thermal 
conversion," Solar Energy, vol. 246, pp. 74-88, 2022. 

[15] M. R. Kiani, M. Meshksar, M. A. Makarem and M. R. 
Rahimpour, "Preparation, stability, and 
characterization of nanofluids," 2022, pp. 21-28. 

[16] S. K. Gupta and A. Sharma, "A brief review of 
nanofluids utilization in heat transfer devices for 
energy saving," in Materials Today: Proceedings, 
2023. 

[17] H. Younes, M. Mao, S. M. S. Murshed, D. Lou, H. Hong 
and G. P. Peterson, "Nanofluids: Key parameters to 
enhance thermal conductivity and its applications," 
Applied Thermal Engineering, vol. 207, no. 118202, 
pp. 1-26, 2022. 

[18] W. N. Septiadi, I. A. N. T. Trisnadewi, N. Putra and I. 
Setyawan, "Synthesis of Hybrid Nanofluid with Two-
Step Method," in The 3rd International Tropical 
Renewable Energy Conference “Sustainable 
Development of Tropical Renewable Energy” (i-TREC 
2018), Indonesia, 2018. 

[19] D. S. Saidina, M. Z. Abdullah and M. Hussin, "Metal 
Oxide Nanofluids in Electronic Cooling: A Review," 
Journal of Materials Science: Materials in Electronics, 
vol. 31, pp. 4381-4398, 2020. 

[20] T. S. N. Aswad, M. A. R. S. Al-Baghdadi, M. Al-Waily 
and M. A. Razali, "Performance Enhancement of a 
Photovoltaic Cell Working in Hot Environment 
Conditions using Al2O3 Nanofluids: A CFD Study," 
International Journal of Nanoelectrics and Materials, 
vol. 14, no. 4, pp. 317-328, 2021. 

[21] A. Ray, S. Banerjee and P. C. Roy, "Numerical Study of 
Heat Transfer Enhancement with Nanofluid in 
Rectangular Duct," in Advances in Chemical 
Engineering & Material Sciences, 2022. 

[22] S. Sivalakshmi and A. Muralishankar, "Experimental 
Analysis on Enhancement of Heat Transfer in 
Compact Heat Exchanger using Nano Particles," 
International Journal of Scientific Research in 
Engineering and Management (IJSREM), vol. 07, no. 
03, pp. 1-11, 2023. 

[23] M. Jbeili and J. Zhang, "Particle-resolved simulations 
for nanofluid thermal enhancement in channel 
flows," Numerical Heat Transfer, Part A: Applications, 
vol. 84, no. 12, pp. 1417-1435, 2023. 

[24] R. Barai, D. Kumar and A. Wankhade, "Heat transfer 
performance of nanofluids in heat exchanger: a 
review," Journal of Thermal Engineering, vol. 9, no. 1, 
pp. 86-106, 2023. 

[25] L. Wei et al., "A Simulation Study on Performance of 
Photovoltaic Thermal Water (PVTW) Collector 
Under Different Loading of Mass Flow Rate Using 
ANSYS Fluent," International Journal of 
Nanoelectronics and Materials, vol. 14, pp. 467-478, 
2021. 

[26] M. A. M. Rosli, S. Mat, K. Sopian, M. Y. Sulaiman and E. 
I. Salleh, "Thermal Performance on Unglazed 

Photovoltaic Thermal Polymer Collector," Advance 
Materials Research, vol. 911, pp. 238-242, 2014. 

[27] E. Manikandan et al., "A Comprehensive Review on 
the Impact of Nanofluid in Solar 
Photovoltaic/Thermal System," Journal of 
Mechanical Engineering Science, vol. 236, no. 9, pp. 
5078-5096, 2022. 

[28] M. A. M. Rosli et al., "Validation Study of Photovoltaic 
Thermal Nanofluid Based Coolant Using 
Computational Fluid Dynamics Approach," CFD 
Letters, vol. 13, no. 3, pp. 58-71, 2021. 

[29] O. Rejeb, M. Sardarabadi, C. Ménézo, M. Passandideh-
Fard, M. H. Dhaou and A. Jemni, "Numerical and 
model validation of uncovered nanofluid sheet and 
tube type photovoltaic thermal solar system," Energy 
Conversion and Management, vol. 110, pp. 367-377, 
2016. 

[30] Z. Said, S. Arora and E. Bellos, "A review on 
performance and environmental effects of 
conventional and nanofluid-based thermal 
photovoltaics," Renewable and Sustainable Energy 
Reviews, vol. 96, pp. 302-316, 2018. 

[31] M. A. M. Rosli, S. Misha, K. Sopian, S. Mat, M. Y. 
Sulaiman and E. Salleh, "Parametric Analysis on Heat 
Removal Factor for a Flat Plate Solar Collector of 
Serpentine Tube," World Applied Sciences Journal, 
vol. 29, no. 2, pp. 184-187, 2014. 

[32] M. A. M. Rosli, D. S. M. Zaki, F. A. Rahman, S. Sepeai, N. 
A. Hamid and M. Z. Nawam, "F-Chart Method for 
Design Domestic Hot Water Heating System in Ayer 
Keroh Melaka," Journal of Advanced Research in Fluid 
Mechanics and Thermal Sciences, vol. 56, no. 1, pp. 
59-67, 2019. 

[33] ACS Material, "A Detailed Overview of Graphene 
Nanoplatelets," 18 May 2020. [Online]. Available: 
https://www.acsmaterial.com/blog-detail/a-
detailed-overview-of-graphene-nanoplatelets.html. 

[34] A. S. Abdelrazik, R. Saidur, F. A. Al-Sulaiman, A. Al-
Ahmed and R. Ben-Mansour, "Multiwalled CNT and 
graphene nanoplatelets based nao-enhanced PCMs: 
Evaluation for the thermal performance and its 
implications on the performance of hybrid 
PV/thermal systems," Materials today 
communications, vol. 31, p. 103618, 2022. 

[35] A. O. Al-Sulttani et al., "Thermal effectiveness of solar 
collector using Graphene nanostructures suspended 
in ethylene glycol–water mixtures," Energy Reports, 
vol. 8, pp. 1867-1882, 2022. 

[36] O. Alshikhi and M. Kayfeci, "Experimental 
Investigation Of Using Graphene Nanoplatelets And 
Hybrid Nanofluid As Coolant In Photovoltaic 
Thermal Systems," Thermal Science, vol. 26, no. 1A, 
pp. 195-208, 2022. 

[37] T. Venkatesh, S. Manikandan, C. Selvam and S. Harish, 
"Performance enhancement of hybrid solar PV/T 
system with graphene based nanofluids," 
International Communications in Heat and Mass 
Transfer, vol. 130, pp. 1-9, 2022. 

[38] A. Borode, T. Tshephe, P. Olubambi, M. Sharifpur and 
J. Meyer, "Stability and Thermophysical Properties of 
GNP-Fe2O3 Hybrid Nanofluid: Effect of Volume 



International Journal of Nanoelectronics and Materials (IJNeaM) 

352 

 

Fraction and Temperature," Nanomaterials, vol. 13, 
no. 7, p. 1238, 2023. 

[39] P. N. S. Teja, S. K. Gugulothu and B. Bhasker, 
"Experimental Investigation on Hybrid Photovoltaic 
and Thermal Solar Collector System," in Wind and 
Solar Energy Applications: Technological Challenges 
and Advances, 2023. 

[40] T. S. Y. Moh, T. W. Ting and A. H. Y. Lau, "Graphene 
Nanoparticles (GNP) nanofluids as key cooling 
media on a flat solar panel through micro-sized 
channels," Energy Reports, vol. 6, no. 2, pp. 282-286, 
2020. 

[41] S. Alous, M. Kayfeci and A. Uysal, "Experimental 
Investigations of Using MWCNTs and Graphene 
Nanoplatelets Water-Based Nanofluids as Coolants 
in PVT Systems," Applied Thermal Engineering, vol. 
162, pp. 1-14, 2019. 

[42] S. G. Schütz, "Graphene Nanotechnology for 
Renewable Energy Systems," 2023, pp. 167-193. 

[43] K. Farhana, K. Kadirgama, S. Subramonian, D. 
Ramasamy, M. Samykano, and A. S. F. Mahamude, 
“Applications of Graphene Nanomaterials in Energy 
Storage—A State-of-Art Short Review,” in 
Technological Advancement in Mechanical and 
Automotive Engineering, 2023, pp. 595–609. 

[44] I. Shabbir et al., "A graphene nanoplatelets-based 
high-performance, durable triboelectric 
nanogenerator for harvesting the energy of human 
motion," Energy Reports, vol. 8, pp. 1026-1033, 2022. 

[45] E. A. Worsley, S. Margadonna and P. Bertoncello, 
"Application of Graphene Nanoplatelets in 
Supercapacitor Devices: A Review of Recent 
Developments," Nanomaterials, vol. 12, no. 20, p. 
3600, 2022. 

[46] G. Shi, S. Araby, C. T. Gibson, Q. Meng, S. Zhu and J. Ma, 
"Graphene Platelets and Their Polymer Composites: 
Fabrication, Structure, Properties, and Applications," 
Advanced Functional Materials, vol. 1706705, p. 28, 
2018. 

[47] M. Y. Ismail, M. S. M. Sani, S. Kumarasamy, M. A. 
Hamidi and M. S. Shaari, "Technological 
Advancement in Mechanical and Automotive 
Engineering," in Proceeding of International 
Conference in Mechanical Engineering Research 2021, 
2021. 

[48] N. D. Sansone et al., "Tailoring Multifunctional and 
Lightweight Hierarchical Hybrid Graphene 
Nanoplatelet and Glass Fiber Composites," ACS 
Applied Materials & Interfaces, vol. 14, no. 35, pp. 
40232-40246, 2022. 

[49] M. Sandhya, D. Ramasamy, K. Sudhakar, K. 
Kadirgama and W. S. W. Harun, "Ultrasonication an 
intensifying tool for preparation of stable nanofluids 
and study the time influence on distinct properties of 
graphene nanofluids - A systematic overview," 
Ultrasonics Sonochemistry, vol. 105479, pp. 1-16, 
2021. 

[50] S. Iranmanesh, H. C. Ong, B. C. Ang, E. Sadeghinezhad, 
A. Esmaeilzadeh and M. Mehrali, "Thermal 
Performance Enhancement of an Evacuated Tube 
Solar Collector Using Graphene Nanoplatelets 

Nanofluid," Journal of Cleaner Production, vol. 162, 
pp. 121-129, 2017. 

[51] A. Abdullah et al., "Thermal conductivity and 
viscosity of deionised water and ethylene glycol-
based nanofluids," Journal of Mechanical Engineering 
and Sciences, vol. 10, no. 3, pp. 2249-2261, 2016. 

[52] M. Zamen, M. Kahani, B. Rostami and M. Bargahi, 
"Application of Al2O3/water nanofluid as the 
coolant in a new design of photovoltaic/thermal 
system: An experimental study," Energy Science & 
Engineering, vol. 11, pp. 4273-4285, 2022. 

[53] S. R. Abdallah, H. Saidani-Scott and O. E. Abdellatif, 
"Performance analysis for hybrid PV/T system using 
low concentration MWCNT (water-based) 
nanofluid," Solar Energy, vol. 181, pp. 108-115, 2019. 

[54] W. Yu and H. Xie, "A Review on Nanofluids: 
Preparation, Stability Mechanisms, and 
Applications," Journal of Nanomaterials, vol. 2012, 
pp. 1-17, 2012. 

[55] N. Ali, "Graphene-Based Nanofluids: Production 
Parameter Effects on Thermophysical Properties 
and Dispersion Stability," Nanomaterials, vol. 12, no. 
357, pp. 1-21, 2022. 

[56] A. N. Al-Shamani, M. A. Alghoul, A. M. Elbreki, A. A. 
Ammar, A. M. Abed and K. Sopian, "Mathematical and 
experimental evaluation of thermal and electrical 
efficiency of PV/T collector using different water 
based nano-fluids," Energy, vol. 145, pp. 770-792, 
2017. 

[57] A. Ahmadi, D. D. Ganji and F. Jafarkazemi, "Analysis 
of Utilizing Graphene Nanoplatelets to Enhance 
Thermal Performance of Flat Plate Solar Collectors," 
Energy Conversion and Management, vol. 126, pp. 1-
11, 2016. 

[58] K. A. Altammar, "A review on nanoparticles: 
characteristics, synthesis, applications, and 
challenges," Frontiers in Microbiology, vol. 14, pp. 1-
20, 2023. 

[59] K. Alexander, S. Sheshrao Gajghate, A. Shankar 
Katarkar, A. Majumder, and S. Bhaumik, “Role of 
nanomaterials and surfactants for the preparation of 
graphene nanofluid: A review,” Materials Today: 
Proceedings, vol. 44, pp. 1136–1143, 2021. 

[60] M. Awais, A. A. Bhuiyan, S. Salehin, M. M. Ehsan, B. 
Khan and M. H. Rahman, "Synthesis, heat transport 
mechanisms and thermophysical properties of 
nanofluids: A critical overview," International 
Journal of Thermofluids, vol. 10, no. 4, pp. 1-22, March 
2021. 

[61] S. M. I. Morsy, "Role of Surfactants in Nanotechnology 
and Their Applications," International Journal of 
Current Microbiology and Applied Sciences, vol. 3, no. 
5, pp. 237-260, 2014. 

[62] A. M. S. Varadappan and P. Samikannu, 
"Experimental investigation on pH and stability of 
distilled water ethylene glycol mixture with 
graphene nanoplatelets," Materials Today: 
Proceedings, vol. 90, no. 1, pp. 175-178, 2023. 

[63] S. Li, J. Yan, Y. Zhang, Y. Qin, Y. Zhang and S. Du, 
"Comparative investigation of carbon nanotubes 
dispersion using surfactants: A molecular dynamics 



International Journal of Nanoelectronics and Materials (IJNeaM) 

353 

 

simulation and experimental study," Journal of 
Molecular Liquids, vol. 377, p. 121569, 2023. 

[64] M. Abedi, R. Fangueiro and A. G. Correia, "An 
Effective Method for Hybrid CNT/GNP Dispersion 
and Its Effects on the Mechanical, Microstructural, 
Thermal, and Electrical Properties of Multifunctional 
Cementitious Composites," Journal of Nanomaterials, 
vol. 2020, pp. 1-20, 2020. 

[65] S. U. Ilyas, S. Ridha and F. A. A. Kareem, "Dispersion 
Stability and Surface Tension of SDS-Stabilized 
Saline Nanofluids with Graphene Nanoplatelets," 
Colloids and Surfaces A, pp. 1-8, 2020. 

[66] T. Ranjith and A. Sathishkumar, “Experimental Study 
on GNP Based Nanofluid Phase Change Material for 
Cooling Application,” IOP Conference Series: 
Materials Science and Engineering, vol. 912, no. 4, p. 
042040, Aug. 2020. 

[67] W. S. Sarsam, A. Amiri, S. N. Kazi and A. Badarudin, 
"Stability and thermophysical properties of non-
covalently functionalized graphene nanoplatelets 
nanofluids," Energy Conversion and Management, pp. 
101-111, 2016. 

[68] C. Selvam, T. Balaji, M. L. Dhasan and S. Harish, 
"Convective Heat Transfer Coefficient and Pressure 
Drop of Water-Ethylene Glycol Mixture with 
Graphene Nanoplatelets," Experimental Thermal and 
Fluid Science, vol. 80, pp. 67-76, 2017. 

[69] E. E. Wotring, “Dispersion of Graphene Nanoplatelets 
in Water with Surfactant and Reinforcement of 
Mortar with Graphene Nanoplatelets,” University of 
Illinois Urbana-Champaign, 2014. 

[70] C. Selvam, D. M. Lal and H. Sivasankaran, "Thermal 
conductivity enhancement of ethylene glycol and 
water with graphene nanoplatelets," Thermochimica 
Acta, vol. 642, pp. 32-38, 2016. 

[71] C. Liu et al., "An Efficient Strategy for Searching High 
Lattice Thermal Conductivity Materials," ACS Applied 
Energy Materials, vol. 5, no. 12, pp. 15356-15364, 
2022. 

[72] M. T. Chaichan et al., "Effect of Different Preparation 
Parameters on the Stability and Thermal 
Conductivity of MWCNT-Based Nanofluid Used for 
Photovoltaic/Thermal Cooling," Sustainability, vol. 
15, no. 9, p. 7642, 2023. 

[73] S. K. Gupta and S. Pradhan, "A review of recent 
advances and the role of nanofluid in solar 
photovoltaic thermal (PV/T) system," Materials 
Today: Proceedings, vol. 44, pp. 782-791, 2021. 

[74] K. Chakar, C. Ennawaoui, M. E. Mouden and A. Hajjaji, 
"Hybrid Nanofluids Multi performance 

optimizations for the Cooling System coupling with 
Hybrid Photovoltaic Thermal Collectors," European 
Physical Journal-applied Physics, vol. 97, p. 70, 2022. 

[75] A. S. F. Mahamude et al.,"Thermal performance of 
nanomaterial in solar collector: State-of-play for 
graphene," Journal of Energy Storage, vol. 42, no. 
103022, pp. 1-16, 2021. 

[76] N. Khairunnisa, Z. Arifin, B. Kristiawan, and M. A. M. 
Rosli, “The thermophysical properties, 
configurations and applications of nanofluids on 
solar PV/T system: A review,” 2023, p. 030017. 

[77] A. H. A. Al-Waeli, K. Sopian, M. T. Chaichan, H. A. 
Kazem, H. A. Hasan and A. N. Al-Shamani, "An 
experimental investigation of SiC nanofluid as a 
base-fluid for a photovoltaic thermal PV/T system," 
Energy Conversion and Management, vol. 142, pp. 
547-558, 2017. 

[78] M. Vakili, S. M. Hosseinalipour, S. Delfani and S. 
Khosrojerdi, "Photothermal properties of graphene 
nanoplatelets nanofluid for low-temperature direct 
absorption solar collectors," Solar Energy Materials 
& Solar Cells, vol. 152, pp. 187-191, 2016. 

[79] M. Vakili, S. M. Hosseinalipour, S. Delfani, S. 
Khosrojerdi and M. Karami, "Experimental 
Investigation of Graphene Nanoplatelets Nanofluid-
Based Volumetric Solar Collector for Domestic Hot 
Water Systems," Solar Energy, vol. 131, pp. 119-130, 
2016. 

[80] A. Taheri, M. Kazemi, M. Amini, M. Sardarabadi and 
A. Kianifar, "The Performance Assessment of 
Nanofluid-Based PVTs with and without 
Transparent Glass Cover: Outdoor Experimental 
Study with Thermodynamics Analysis," Journal of 
Thermal Analysis and Calorimetry, vol. 143, pp. 4025-
4037, 2020. 

[81] T. Huq, H. C. Ong, B. T. Chew, K. Y. Leong and S. N. 
Kazi, "Review on Aqueous Graphene Nanoplatelet 
Nanofluids: Preparation, Stability, Thermophysical 
Properties, and Applications in Heat Exchangers and 
Solar Thermal Collectors," Applied Thermal 
Engineering, vol. 210, pp. 1-31, 2022. 

[82] D. G. Papageorgiou, I. A. Kinloch and R. J. Young, 
"Mechanical properties of graphene and graphene-
based nanocomposites," Progress in Materials 
Science, vol. 90, pp. 75-127, 2017. 

[83] D. P. Barai, B. A. Bhanvase and S. H. Sonawane, "A 
Review on Graphene Derivatives-Based Nanofluids: 
Investigation on Properties and Heat Transfer 
Characteristics," Industrial & Engineering Chemistry 
Research, vol. 59, no. 22, pp. 10231-10277, 2020.

 


