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Abstract

This study explores the efficiency of photovoltaic thermal (PVT) system using bio-nanofluid based on

virgin coconut oil (VCO). This research proposes bio-nanofluid as dispersion media because of their

potential in medium to high temperature applications in terms of thermal output, biodegradable, and

renewable. Graphene nanoplatelets (GNP) were prepared in a mass fraction of 0.1% wt. Then, the ratio

for the surfactant was a 1:1 nanoparticle. The surfactants used in this study were Polyvinylpyrrolidone

(PVP), Sodium dodecyl sulfate (SDS), and Cetyltrimethylammonium bromide (CTAB). The two-stage

method was used for the bio-nanofluid synthesis. Further, the samples were tested for physical and

thermophysical properties. From the stability test, we discovered stable dispersion from VCO-GNP-PVP
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bio-nanofluid sample during the 30 days of testing. The bio-nanofluid samples also presented an

increase in thermal conductivity following its stability, with the highest conductivity value (0.158

W/m.K) observed on the VCO-GNP-PVP sample. The efficiency test results on additive surfactant and

flow rate show the optimum flow rate of 7 mL/s on VCO-GNP-PVP bio-nanofluid, with thermal and

electric efficiency of 25.169% and 8.632%, respectively. © 2024, Semarak Ilmu Publishing. All rights

reserved.
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This study explores the efficiency of photovoltaic thermal (PVT) system using bio-
nanofluid based on virgin coconut oil (VCO). This research proposes bio-nanofluid as 
dispersion media because of their potential in medium to high temperature applications 
in terms of thermal output, biodegradable, and renewable. Graphene nanoplatelets 
(GNP) were prepared in a mass fraction of 0.1% wt. Then, the ratio for the surfactant 
was a 1:1 nanoparticle. The surfactants used in this study were Polyvinylpyrrolidone 
(PVP), Sodium dodecyl sulfate (SDS), and Cetyltrimethylammonium bromide (CTAB). 
The two-stage method was used for the bio-nanofluid synthesis. Further, the samples 
were tested for physical and thermophysical properties. From the stability test, we 
discovered stable dispersion from VCO-GNP-PVP bio-nanofluid sample during the 30 
days of testing. The bio-nanofluid samples also presented an increase in thermal 
conductivity following its stability, with the highest conductivity value (0.158 W/m.K) 
observed on the VCO-GNP-PVP sample. The efficiency test results on additive surfactant 
and flow rate show the optimum flow rate of 7 mL/s on VCO-GNP-PVP bio-nanofluid, 
with thermal and electric efficiency of 25.169% and 8.632%, respectively. 

Keywords: 

Photovoltaic/thermal system; bio-
nanofluid; flow rate; heat transfer; 
efficiency 

 
1. Introduction 
 

Following the increasing demands for renewable energy, deteriorating environmental issues, and 
dependency on electrical power, solar energy has become one of the promising renewable energy 
alternatives [1,2]. The sun releases relatively considerable heat energy to the earth, reaching 
17.491.015 watts [3]. The instrument which convert solar energy into electrical energy is known as a 
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photovoltaic system (PV) [4]. This module adopts a solar cell made from silicon material, classified as 
an abundantly available semiconductor material [5].  

Before being converted, the solar energy within the PV module is absorbed by the PV cell, 
increasing the temperature of the PV module and reducing the amount of semiconductor band gap 
energy. Consequently, the PV module’s efficiency also subsides [6]. The primary factor determining 
the effectiveness of the system is the temperature of the PV modules and solar radiation. The PV 
module attached to the photovoltaic thermal (PVT) is commonly equipped with a cooling system to 
lower the PV cell’s temperature so it generates maximum heat and electrical power [7-9].  

Most of the cooling agents adopted in many PVT research are conventional fluids, such as water 
and air [10] . These common fluids present lower thermal conductivity than solid metal, so it inhibits 
the system’s efficiency. Therefore, its efficiency should be enhanced by improving the heat transfer 
from the heat media. The issues with the system’s efficiency can be resolved through the 
construction of a nanofluid using different nanoparticle materials to escalate its thermophysical 
properties [11,12]. This application is also promoted by the urgent need to maintain the PV cell’s 
temperature below 100˚C [13]. 

The PVT efficiency study using Al2O3/water nanofluid conducted by Tang and Zhu [14] showed an 
increase in overall efficiency of 29.47% due to the better thermal characteristics of the nanofluid 
compared to water, while the electrical efficiency decreased by -3.73% due to light absorption. 
appear larger by the nanofluid. Xu and Kleinstreuer [15] studied Al2O3/water nanofluid flowing 
through a single rectangular flow channel in a CPV/T system. The results show that the nanofluid 
used increases the overall efficiency by 1.49%. Al-Shamani et al., [16] investigated TiO2/water, 
SiO2/water, SiC/water as refrigerants in a PVT system which has a serpentine absorber design with a 
rectangular cross section. They concluded that the SiC/water nanofluid led to the highest overall 
efficiency of 18.47%. Khanjari et al., [17] conducted a study on the efficiency of sheet and tube PVT 
systems using Al2O3/water and Ag/water nanofluids. The results of their research showed that the 
overall efficiency of the PVT system using Al2O3/Air and Ag/water nanofluids was 4.26% and 11.54%, 
respectively.  

A number of basic fluids, such as water, glycol (ethylene and propylene), and ionic fluid, have 
been used as a dispersing media for establishing nanofluid [18]. In recent studies, many reported oil-
based nanofluids used as working fluids in thermal energy storage (TES) because of their potential 
thermal output in moderate to high temperature applications. Meanwhile, the vegetative oil-based 
nanofluid is preferable for thermal absorption media since it is biodegradable, presents excellent 
thermal stability, renewable, and carries lower environmental effects than the other conventional 
toxic liquid, such as ethylene glycol, ionic fluid, and others. Various studies on the heat transfer 
properties of nanofluids in PVT have confirmed their availability as a thermal medium for heat 
transfer, but because the desired goals have not been achieved, further research is needed to achieve 
the efficiency of using nanofluids as a thermal medium in solar energy systems [19]. 

The PVT system with a serpentine-shaped absorber design was built in this study. To evaluate the 
efficiency of the PVT system, a comparative experiment was carried out using nanofluid based on 
vegetable oil (virgin coconut oil) and graphene with the addition of surfactants as a heating medium 
on PVT efficiency. Surfactants are added to lower the surface tension of the base fluid to increase the 
suspension period of the nanoparticles. Nanofluid studies with the addition of PVP and SDS 
surfactants conducted by Mingzheng et al., [20] confirmed that the addition of surfactants affected 
the viscosity and thermal conductivity values. Their results found the effect of surfactant additives 
on the thermal conductivity of single base fluids to be within a negligible range with respect to the 
surfactant concentration limit. 
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In designing the PVT cooling system, the working fluid’s flow rate should be controlled as it 
directly affects the operational temperature and the system performance, primarily on the obtained 
power. Bambrook and Sproul [21] uncovered that altering the air mass flow rate within the PVT 
system can enhance its thermal and electric efficiency, as well as enhance the flow rate. Meanwhile, 
Liang et al., [22] analyzed the performance of the solar concentrator system in a conical shape based 
on its working fluid’s mass flow rate. The study concluded the increasing tendency of thermal 
efficiency followed the higher flow rate, but it decreased as the optimum flow rate had passed [19]. 
This study explores the concept of a PVT heat transfer media based on bio-nanofluid. The results are 
expected to generate better efficiency using renewable material from different treatments. 
 
2. Methodology  
2.1 Experimental Configuration of The PVT System 
 

This study used flat plate PVT, consisting of a PV module, thermal absorbing tube, water storage 
tank, bio-nanofluid, and pump. The solar cell within the PV module was monocrystalline silicon. The 
glass cover above the PV module functioned to reduce the thermal energy lost. Meanwhile, the 
absorbing tube below the PV model was constructed from the copper pipe in a serpentine shape [22-
25]. The pump and censor flow controlled the working fluid flow rate during the cooling circulation. 
The storage tank stored and contained the thermal energy from working fluid circulated within the 
PVT absorbing tube. The PV module’s specification is summarized in Table 1.  
 

Table 1 
Specification of PV module 
Model MS50M-18 

Rated maximum power (Pm) 50 W 
Dimension 400 x 625 x 25 mm 
Mass 2.52 kg 
Cell technology SHINGLED 
Operating temperature -40°C – 85°C 
Voltage at Pmax (Vmp) 18 V 
Current at Pmax (Imp) 2.78 A 
Maximum voltage system  1000 V DC 
Maximum series fuse rating 10 A 
Open circuit voltage (Voc) 22.11 V 

 
In the beginning, the initial temperature and voltage were examined. The PVT system received a 

beam from a 575.8 W/m2 halogen lamp, producing thermal and electrical energy. The halogen lamp 
lit up until the PVT reached 100°C temperature since it was the working temperature of the oil-based 
fluid. After reaching that temperature, the working fluid was stored in the storage tank and circulated 
throughout the pump for two minutes, heading to the absorbing tube to attain the thermal energy 
from the flow rate. The data were obtained from the thermocouple type DS18B20 attached to the 
inlet and outlet sides of the thermal absorbing tubes. Meanwhile, PVT current, voltage, and power 
were attained from the Watt meter. The working fluid flow rate was regulated through the censor 
flow type YF-S401 attached on the inlet side of the thermal absorbing tube, with flowrates of 5,6,7, 
and 8 mL/s. The cooling cycle within the PVT system is illustrated in Figure 1. 
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Fig. 1. Schematic of the experimental layout 

 
2.2 Preparation of Bio-Nanofluid 
 

The two-stage method was used for the bio-nanofluid synthesis, as shown in Figure 2. The 0.1% 
wt concentration of graphene nanoplatelets (GNP) KNG-150 and different surfactants (PVP non-ionic, 
SDS anionic, and CTAB cationic) was measured at a 1:1 ratio and mixed with the base fluid of virgin 
coconut oil (VCO) using a magnetic stirrer at 1500 rpm for 60 minutes in room temperature [26,27]. 
Furthermore, the sonication process was carried out for 40 minutes using the KG-MT3N sonicator to 
increase the stability of the nanoparticles in the base fluid. The detailed material is presented in Table 
2. 
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Fig. 2. Preparation of Bio-Nanofluid 

 
  Table 2 
  The details of the material used in the present study 

Name Category Function Supplier/Product Code Molecular 
Weight 

Virgin coconut oil (VCO) Dispersion 
medium 

Base fluid Botanica - 

Graphene Nanoplatelets (GNP) Dispersed phase Nanoparticle KNG-150 12.01 g/mol 
Polyvinylpyrrolidone (PVP) Dispersed phase Surfactant Merck 5295-100GM 114,4 g/mol 
Sodium dodecyl sulfate (SDS) Dispersed phase Surfactant Future Chemical CAS:151-

21-3 
288,38 g/mol 

Cetyltrimethylammonium bromide 
(CTAB) 

Dispersed phase Surfactant Himedia MB101-100G 364,45 g/mol 

 
2.3 Measurement of Physical Properties 
 

SEM is a technique for analyzing a specimen’s size and morphology [28]. In this study, we used 
SEM from FEI type Inspect-S50. Meanwhile, XRD analysis was used to identify the crystallinity, 
elemental deviations from the ideal composition, and the samples’ structural condition [29]. We used 
PANalytical. Lastly, we also used FTIR analysis to find the organic, inorganic, and polymer material 
using scanning through infrared rays. We used the FTIR from Shimadzu. For visual observation, a 
studio with an LED-lit backdrop was used to capture the photos. This technique speeds up the results 
obtained and clearly shows agglomeration and sedimentation in the sample beaker [30,31]. 

 

2.4 Measurement of Thermophysical Properties 
 

The bio-nanofluid density can be calculated by dividing the mass by its volume. The sample’s mass 
was attained by weighing the bio-nanofluid using a digital scale, while the volume was measured 
using the measuring glass. The thermal conductivity and specific heat were assessed using the KD2-
Pro instrument at room temperature (25°C) after the samples had been cooled down using the 
sonification technique. The dynamic viscosity value was gained from the viscometer instrument by 
placing the fluid on the rotor following its type. Ain this study, we used NDJ-8S with rotor 1 since 
results of the viscosity of oil-based fluids can be detected using the rotor 1 on the viscosity testing 
machine. The viscosity test was carried out at temperature 25°C with a shear rate of 22.2 s-1 – 111.2 
s-1 [32]. Shear rate can be found using Eq. (1). The thermophysical data of virgin coconut oil-graphene 
based bio-nanofluid with surfactant variations are summarized in Table 3.  
 

𝑆ℎ𝑒𝑎𝑟 𝑟𝑎𝑡𝑒 (𝑠−1) =
2𝜔𝑅𝑐

2𝑅𝑏
2

𝑅𝑏
2(𝑅𝑐

2−𝑅𝑏
2

)
           (1) 
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where, ω is the angular speed of the rotor (rad/s), Rc is the radius of the fluid reservoir (mm), and 
Rb is the radius of the rotor (mm). 
 
 Table 3 
 Thermophysical properties of Bio-Nanofluid based on virgin coconut oil-graphene at temperature 25°C 
Bio-nanofluid Density (kg/m3) Specific Heat (J/kg.K) Thermal Conductivity (W/m.K) 

Virgin coconut oil (base fluid) 836.00 4100.000 0.153 
VCO-GNP-No Surfactant 836.67 4008.387 0.155 
VCO-GNP- PVP Surfactant 837.78 4003.071 0.158 
VCO-GNP- SDS Surfactant 838.89 3997.769 0.156 
VCO-GNP- CTAB Surfactant 840.00 3992.481 0.157 

 
2.5 Measurement of Efficiency 
 

Efficiency represents the performance of an energy conversion instrument. The efficiency of PVT 
being measured in this study included thermal, electrical, and overall efficiencies.  

 

2.5.1 Thermal efficiency (𝜂𝑡ℎ) 
 

The thermal efficiency was assessed using Eq. (2) to identify the heat transfer within the bio-
nanofluid.  
 

𝜂𝑡ℎ =
ṁ.𝐶𝑝.(𝑇𝑛𝑓,𝑜𝑢𝑡−𝑇𝑛𝑓,𝑖𝑛)

𝐼.𝐴𝑐
            (2) 

 
The thermal efficiency relies on the mass flow rate (ṁ), specific heat (Cp), light intensity (I), area 

of PVT (Ac), bio-nanofluid inlet temperature (Tnf, in), and bio-nanofluid outlet temperature (Tnf, out) 
within the heat absorbing tube within the PVT [33]. 
 
2.5.2 Electrical efficiency (𝜂𝑒) 
 
The electric efficiency was measured using Eq. (3) and Eq. (4). 
 
𝑃𝑚𝑎𝑥 = 𝑉𝑜𝑐. 𝐼𝑠𝑐 . 𝐹𝐹 = 𝑉𝑚𝑎𝑥. 𝐼𝑚𝑎𝑥               (3) 
 

𝜂𝑒 =
𝑃𝑚𝑎𝑥

𝐼.𝐴𝑐
              (4) 

 
In which Pmax is the maximum electrical power, I is the light intensity, and Ac represents the PVT 

area, while Voc shows the open circuit voltage, Isc is the short circuit current, and FF is the filling factor. 
A Watt Meter was used to measure the electric efficiency, showing the maximum voltage (Vmax), 
maximum current (Imax), and maximum electrical power (Pmax). 

 

2.5.3 Overall efficiency (𝜂𝑜) 
 

A number of studies have used Eq. (5) to measure the overall efficiency in evaluating the PVT 
system [34]. In simple terms, overall efficiency (ηo) is the sum of electrical and thermal efficiency. 
 
𝜂𝑜 = 𝜂𝑡ℎ + 𝜂𝑒              (5) 
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3. Results  
3.1 Nanoparticle Characteristic  
 

The morphology of graphene’s nanoparticle is shown in Figure 3(a). The thermophysical property 
of bio-nanofluid is highly impacted by its particle morphology [35,36]. The graphene has a planar 
shape [37,38], with a stacking structure similar to the nanoplatelets due to the nanomaterial’s high 
surface energy and surface ratio toward its great volume. The nanoplatelets tend to pull one another 
to lower the surface energy, producing stable thermodynamics [31], which further enhances the 
thermal conductivity within the bio-nanofluid. Sadri et al., [39] added that the platelets structure in 
graphene improves its thermal conductivity from 8.9 to 35.7%. Meanwhile, Timofeeva et al., [40] 
reported platelets structure present lower thermal conductivity than cylinder and bricks structure 
since platelets structure ≈ blades < bricks < cylinder. 

In addition, the X-ray diffraction pattern was recorded at 2θ = 20° – 80°, and the results are 
presented in Figure 3(b). The graphene nanoplatelets secure the highest intensity peak at 2θ = 
26.426°. Each of those peaks is in accordance with the peak of graphite carbon (002) and (100), in 
which peak (002) represents high carbon crystallinity trait [41]. The layered structure of the graphene 
nanoplatelets with d-spacing 3,37 Å was also confirmed through the sharp diffraction peaks (hkl) 
being indexed at 2θ = 26.46°. The highest peak with the Miller index (002) has also been also observed 
from the XRD pattern, following the layered structure on the graphene sheet [42].  

The results of FTIR illustrated in Figure 4 and Table 4 show that the graphene nanoplatelets are 
classified as a single bond group. A single bond is formed when a pair of electrons is divided into two 
atoms. This bond is relatively frail with smaller electron density than the double and triple bonds, but 
it has the most excellent stability due to its lower reactivity which results in more minimum electron 
loss. Besides, the platelet morphology in the graphene also reflects its stability toward electron beam 
radiation [43]. 
 

 
(a) 

 

 
(b) 

Fig. 3. Results of (a) SEM (b) and XRD on graphene nanoplatelets nanoparticle  
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Fig. 4. FTIR results of graphene nanoplatelets nanoparticle 

 
Table 4 
Functional group of graphene nanoplatelets nanoparticle  
Band Main Peak Wave Number Typical Band Assignment Reference 

1 3700 3700-3584 O-H stretching alcohol Bello et al., [44] 
2 3000 3000-2800 C-H stretching alkene Pang et al., [45] 
3 2305 2325-2290 C≡C disubstituted  alkynes Pang et al., [45] 
4 1720 1720 C=O carboxyl stretching Kartick et al., [43] 
5 1500 1500-1450 C=C aromatic rings Tran et al., [46] 
6 1280 1310-1250 C-C-O aromatic esters Kartick et al., [43] 
7 965 965 C-H vinyl trans-disubstituted alkenes Bello et al. [44]  

 
3.2 Stability of Bio-Nanofluid 
 

Stability is the central component for improving the heat transfer power of bio-nanofluid [47]. 
Nanofluid is considered stable if it does not agglomerate and present slow particle deposition. Che 
Sidik et al., [48] described that nanofluid has a great tendency for agglomeration, which may reduce 
its efficient heat transfer power significantly. Meanwhile, Ghadimi et al., [49] contend that the 
particle deposition is induced by the robust Van der Waals force between the nanoparticle and basic 
fluid, the primary challenge for the homogeneous fluid.  

The bio-nanofluid’s stability test results shown in Table 5 suggest that VCO-GNP-PVP surfactant 
bio-nanofluid offers the best stability, even after 30 days, compared to other bio-nanofluids. The PVP 
surfactant has been reported to have the highest stability, with minimum deposition reaching 25 
days [50]. This surfactant also has the highest absorbing power, followed by the SDS and CTAB 
surfactants, after the basic fluid preparation using virgin coconut oil. CTAB surfactant has the worst 
stability in virgin coconut oil-graphene bio-nanofluid due to differences in ionic bonding. Graphene 
is a non-polar compound that is hydrophobic [31], indicating its incompatibility being combined with 
SDS anionic surfactant (used on the detergent [51]) and CTAB cationic (used as solvents for heavy 
wastewater metal [52]). In contrast, the non-polar graphene is suitable for combination with similar 
compounds, such as the PVP surfactant, including the non-polar or non-ion compounds and the 
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insoluble compound within the water. The nanofluid stability can be enhanced through robust refusal 
force between particles which can be increased through pH modification [53]. The sediments on 
nanofluid are induced by various factors, such as the nanofluid’s pH, zeta potential between 
nanoparticles, shape, and size of nanoparticles, nanoparticles’ concentration within the base fluid, 
and the forces between the particles, including the gravitational, Van der Waals, buoyant and 
electrostatic forces [30]. The agglomeration of the particles lowers their overall effective thermal 
conductivity and causes blockage in the micro lines [54].  
 

Table 5 
Sedimentation photograph of Virgin Coconut Oil-GNP Bio-Nanofluid with various surfactant  
Duration Description 

1 day 

 
7 days 

 
14 days 

 
21 days 

 
30 days 
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3.3 Thermophysical Properties of Bio-Nanofluid  
3.3.1 Density 
 

On nanofluid, density serves as an essential parameter for the thermal transfer measurement 
[36]. In this study, the density was analyzed using calculation on the nanoparticle mass and 0.1 (wt 
%) surfactant. Figure 5(a) illustrates the density of the four samples, with the VCO-GNP-no surfactant 
obtaining 836.67 kg/m3 density, while the VCO-GNP-PVP, VCO-GNP-SDS, and VCO-GNP-CTAB 
attained 837.78 kg/m3, 838.89 kg/m3, and 840.00 kg/m3, respectively. The bio-nanofluid density is 
affected by the molecular weight of the different surfactants added. Meanwhile, the density further 
impact the heat transfer, with a lower density having worse heat transfer [55], while a higher density 
shows excellent heat transfer [56]. However, greater density also generates more friction factors on 
the pipe wall, which later enhances the pumping power of the nanofluid [31]. 

 
3.3.2 Specific heat 
 

Figure 5(b) shows the specific heat of the four samples, with VCO-GNP-no surfactant attaining 
4008.387 J/kg.K, while the VCO-GNP-PVP, VCO-GNP-SDS, and VCO-GNP-CTAB obtained 4003.071 
J/kg.K, 3997.769 J/kg.K, and 3992.481 J/kg.K specific heat. The level of specific heat can be beneficial 
or disastrous, depending on its application [35]. In this study, the PVT system requires a rapid 
transformation of temperature, so the fluid with low density is beneficial for the system. Previous 
studies suggested that bio-nanofluid from virgin coconut oil, graphene nanoparticle, and CTAB 
surfactant present the best specific heat. The addition of nanoparticle-surfactant into the basic fluid 
may lower the specific heat. He et al., [57] described two crucial influencing factors for the specific 
heat of nanofluid, namely the transformation of free energy at the solid-liquid interface when the 
nanoparticle is added into the basic fluid and the specific heat between the nanoparticle with the 
basic fluid. Further, the nanoparticle-surfactant presents lower specific heat than the basic fluid, 
lowering the specific heat of the fluid during the suspension. On the other hand, the specific heat of 
nanofluid increases if it uses nanoparticles with higher density.  
 

3.3.3 Thermal conductivity  
 

Figure 5(c) shows the thermal conductivity of the research samples. The results suggested that 
the VCO-GNP-no surfactant, VCO-GNP-PVP, VCO-GNP-SDS, and VCO-GNP-CTAB bio-nanofluid gained 
0.155 W/m.K, 0.158 W/m.K, 0.156 W/m.K, and 0,157 W/m.K thermal conductivity. These results 
indicate that virgin coconut oil bio-nanofluid added with graphene nanoparticles and PVP surfactant 
has a higher thermal conductivity than the other samples. It occurs due to the surface coating around 
the nanoparticle built by the molecules from the basic fluid, and this surface nano-coating presents 
higher thermal conductivity than the basic fluid [39].   

Mingzheng et al., [20] have examined SDS and PVP surfactants added into the water, reporting 
that the addition of surfactant has significant effects on the viscosity and thermal conductivity. Our 
data also suggested that the additive effects of surfactants on the single basic fluid’s thermal 
conductivity are in the negligible range. The thermal conductivity is affected by the nanoparticle’s 
concentration, size, shape, and type, as well as the temperature and type of basic fluid [53]. Further, 
the greater nanofluid concentration also increases the collision between molecules and thermal 
conductivity, then enhances the heat transfer performance [58]. The higher thermal conductivity can 
also improve the heat transfer coefficient and thermal penetration and increases the heat 
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distribution [59]. Further, the increase in thermal conductivity lowers the operational fee, improves 
thermal efficiency, and increases performance [60]. 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 5. Graphics of (a) Density, (b) Specific heat, and (c) Thermal conductivity of VCO-GNP Bio-Nanofluid 

 
3.3.4 Dynamic viscosity 

 
Viscosity of VCO-GNP-no surfactant, VCO-GNP-PVP, VCO-GNP-SDS, and VCO-GNP-CTAB bio-

nanofluid were adjusted, with different shear rate ranges at 25°C. As presented in Figure 6, samples 
with PVP surfactants offer a lower viscosity compared to other samples at 25°C. Thus, this shows that 
PVP has lower agglomeration compared to other samples. On the other hand, more significant 
agglomeration leads to an expansion of the molecular particle size, increasing the viscosity, which 
further increases the fluid motion and coefficient of friction [59]. In general, the increase in the 
viscosity of nanofluids is affected by the surfactant concentration. Lower surfactant concentrations 
have been reported to have less effect on increasing viscosity [31]. In contrast, the addition of higher 
concentrations of surfactant also promotes an increase in the viscosity of the nanofluid, whereas 
super-saturation of the surfactant decreases the heat transfer performance through the construction 
of a heat-resistant layer on the nanoparticles [61]. 
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In general, the study of nanofluids focuses on increasing the conductivity and thermal stability 
with lower viscosities [62]. Low viscosity facilitates the reduction of energy dissipation by reducing 
pumping power and increasing convective heat transfer. The test results shown in Figure 6 show that 
all nanofluid samples have non-Newtonian behavior. Meanwhile, an increase in the shear rate 
increases the viscosity which is commonly referred to as shear thickening. This is possibly due to the 
rotational motion of the nanoparticles and surfactants in the bio-nanofluid with different molecular 
sizes. Larger fluid rotation tends to produce shear thickening, in contrast to shear thinning [30]. 
 

 
Fig. 6. Dynamic viscosity of Bio-Nanofluid with variations of 
shear rate 

 
3.4 Efficiency of PVT 
 

The results of PVT efficiency using virgin coconut oil added with graphene nanoparticles as a 
cooling system with variations of surfactants and flow rate are shown in Figure 7(a), (b), and (c). The 
results showed that the virgin coconut oil bio-nanofluid added with graphene nanoparticle and PVP 
surfactant had the best efficiency in general since the PVP surfactant addition enhances the thermal 
conductivity of bio-nanofluid, allowing greater absorption of thermal energy. In this study, the bio-
nanofluid added with PVP surfactant showed the greatest thermal conductivity (0.158 W/m.K), 
followed by bio-nanofluid with CTAB (0.157 W/m.K), bio-nanofluid with SDS (0.156 W/m.K), and 
without surfactant (0.155 W/m.K). According to Gibbs absorption effects, the molecules in PVP 
surfactant can be absorbed by the liquid-solid interface, decreasing the interface energy of the fluid 
and nanoparticle, which lowers agglomeration and improves thermal conductivity [50]. 
Contrastingly, ionic surfactant (SDS and CTAB) has greater aggregation size than the virgin coconut 
oil basic fluid, which signifies a poor absorption rate, producing a lower thermal conductivity than 
the PVP surfactant. The PVT efficiency from the bio-nanofluid with SDS surfactant is even lower than 
the bio-nanofluid with no surfactant addition because the viscosity of the bio-nanofluid with SDS 
surfactant is higher than the bio-nanofluid with no surfactant. Meanwhile, heat transfer is directly 
affected by the nanofluid’s viscosity, with the low viscosity reducing the friction coefficient between 
the serpentine tube and the working fluid for the most optimum heat transfer. AT 100°C PVT 
temperature, the Brown movement from nanofluid induces more ferocious particle collision, which 
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facilitates higher heat transfer, expanding the general thermal conductivity [63]. The higher heat 
transfer also indicates maximum thermal efficiency [64]. 
 

 
(a) 

 

 
(b) 

   

 
(c) 

Fig. 7. PVT efficiency using VCO-GNP bio-nanofluid with various surfactant and flow rate, (a) thermal 
efficiency, (b) electrical efficiency, (c) overall efficiency 

 

As illustrated in Figure 7(a), the virgin coconut oil bio-nanofluid with graphene nanoparticle and 
PVP surfactant present the best thermal efficiency, followed by the bio-nanofluid with CTAB 
surfactant, no surfactant, and SDS surfactant. The optimum thermal efficiency on bio-nanofluid with 
PVP surfactant is 25.169% at 7 mL/s. Thermal efficiency is impacted by the nanofluid’s specific heat, 
inlet, and outlet cooling agent temperatures [65], as well as light intensity and mass flow rate [33]. 
The thermal efficiency tends to increase, but once it passes the optimum flow rate, the thermal 
efficiency decreases. In a lower flow rate, the working fluid requires a longer time to absorb the heat 
from the PVT panel, resulting in a lower convection rate from the PVT panel into the serpentine tube. 
Further, a low mass flow rate enhances the outlet temperature while reducing thermal efficiency 
[13]. The increase in mass flow rate improves the convection coefficient between the serpentine tube 
and working fluid which declines the PVT panel’s temperature and increases the thermal efficiency 
[66]. 
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Figure 7(b) shows that the electrical efficiency tends to increase following the greater flow rate. 
The best electric efficiency was observed from the bio-nanofluid added with PVP surfactant by 
8.632% at 7 mL/s. The escalation of the mass flow rate up to its optimum level increases thermal 
efficiency and overall efficiency. However, if the optimum value has been passed, the thermal 
efficiency decreases, while the electrical efficiency can be enhanced to attain a constant value.  

Lastly, the overall efficiency results presented in Figure 7(c) indicate that at 7 mL/s flowrate, the 
total energy efficiency of bio-nanofluid samples with no surfactant, PVP surfactant, SDS surfactant, 
and CTAB surfactant is 18.406%, 33.801%, 12.077%, and 22.817%, respectfully. That results are the 
best efficiency compared to the efficiency at different flowrate. Therefore, the most optimum flow 
rate for the PVT system with virgin coconut oil based bio-nanofluid added by graphene and various 
surfactant has been observed at 7 mL/s. Besides, the results of PVT efficiency analysis on variations 
of surfactant within virgin coconut oil basic fluid suggest that the addition of graphene nanoparticle 
results in high heat transfer as observed from the high working fluid density, high thermal 
conductivity, low fluid’s specific heat, low fluid’s viscosity, and excellent stability of nanofluid.  
 

4. Conclusions and Suggestion 
4.1 Conclusions 
 

This study analyses the PVT efficiency based on variations of surfactant and flowrate, using virgin 
coconut oil-graphene as the working fluid. From our analysis, we drew a number of conclusions 
discussed in the following 
 

i. The results of thermal and electrical efficiency showed that the VCO-GNP bio-nanofluid 
with PVP surfactant attained the maximum results, with the highest conductivity of 0.158 
W/m.K, resulting in more thermal absorption compared to other bio-nanofluids. 

ii. Efficiency analysis results suggested that the most optimum thermal and electrical 
efficiency was observed at 7 mL/s flow rate from virgin coconut oil-graphene-PVP, with a 
thermal and electrical efficiency of 25.169% and 8.632%. The efficiency tends to increase 
as the flow rate improves, but it lowers when the optimum flow rate has been exceeded. 
The low mass flow rate expands the outlet temperature but reduces the overall system 
efficiency. In contrast, the increasing mass flow rate improves the convection coefficient 
between the serpentine tube and working fluid, lowering the PVT panel’s temperature 
and enhancing the overall efficiency.  

iii. The higher efficiency of PVT is marked by higher heat transfer in the system, which is 
affected by the thermophysical properties of the working fluid, including high density, 
high thermal conductivity, low specific heat, low viscosity, and excellent stability of the 
bio-nanofluid. Further, maintaining viscosity, stability, and density for reaching the 
optimum heat transfer is the greatest challenge in the study of nanofluids.  

 
4.2 Suggestion 
 

Following the results of our study, we suggest a number of improvements for future relevant 
research, as described in the following 
 

i. The nanofluid preparation requires a sterile condition to avoid contaminants that may 
affect the test results. 
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ii. The nanofluid preparation should be carried out using the same treatments before the 
laboratory testing and thermal efficiency data collection.  

iii. A further study on green nanofluid for the thermal system is required since it presents 
minimum environmental effects. 

iv. The environmental temperature should be measured for every sample collection since it 
highly affects the thermal efficiency of the PVT. 
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