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Abstract: Increasing awareness of safety and the environment demands the replacement of mineral oil 

by bio-oils in many electrical applications. Palm oil has been identified as a potential candidate for 

mineral oil in transformers. This study reviews the physio-chemical and electrical properties of palm 

oil as insulation fluid. Analysis of electrical properties has been conducted on AC and lightning impulse 

breakdown voltage and dielectric parameters, whereas physicochemical properties are discussed in 

terms of viscosity, acidity, and moisture. The performance of palm oil under aging and pressure is also 

presented. Several case studies of palm oil in the presence of nanoparticles have been reviewed. 

Concerning economic and technical perspectives, palm oil has a significantly high potential as a 

transformer fluid. Further studies on the suitability of palm oil as a transformer fluid is required to 

evaluate the long-term performance concerning partial discharge, transient energy, aging performance 

under various ambient conditions, and in the presence of suspended nanoparticles. 
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1. Introduction 

For the last few decades, agro-based oils and seed extracts have been extensively used 

in many industrial spheres for various applications, ranging from antidiabetic medicine to 

prawn feeds [1-4]. Many of these researches were on edible products (for either human or 

animal consumption); however, agro-oils usage is now way beyond these conventional 

applications [5].  

In electrical power systems, the transformer is one of the most critical and expensive 

assets. The oil-filled type transformers are widely used in power system networks where the 

main components are winding, core, tank, and oil. The oil, also known as insulation fluid, 

insulates the electrical stress and acts as a cooling medium by dissipating heat generated from 

transformer winding and cores. Many theoretical and experimental investigations have shown 

that transformer fluid is both a cause and an indicator of transformer health degradation [6–7]. 

Mineral oil is widely used as an insulation fluid in transformer applications due to its excellent 

dielectric and cooling properties. Despite the excellent performance of mineral oil, it is non-
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biodegradable and non-renewable. The past decade has seen the rapid development of a more 

environment-friendly product such as vegetable oil instead of mineral oil. Palm oil is one of 

the key vegetable oils that possess high flash/fire points, long-term environmentally friendly 

performance, and non-toxic properties that could be used for the purpose. It is a natural product 

that is abundant in the environment [8-10]. In recent years, palm oil has been identified as a 

potential candidate to replace the mineral oil as transformer insulation fluid [11–16].  

Before any alternative fluid is practically introduced as insulation fluid in transformers, 

their physical, chemical, and electrical characteristics should be thoroughly investigated [17]. 

In terms of electrical characteristics, the evaluation f electrical performance parameters such 

as AC and lightning impulse breakdown strength, dielectric properties, partial discharge, and 

dielectric dissipation factor needs to be carried out. For AC and lightning impulse breakdown 

strength, it is important to investigate the palm oil's breakdown voltage under various electrode 

configurations. It is crucial for insulation fluid to have a high breakdown voltage in order to 

withstand electrical stress.  

Studies on dielectric properties include dielectric dissipation factor, relative 

permittivity, and resistivity. Relative permittivity can be used to determine the types of 

dielectric where low relative permittivity shows that the material is not suitable to be used as 

insulation fluid [18]. The studies about the dielectric dissipation factor are also an indicator in 

evaluating the dielectric losses and determining the presence of contamination in the oil. The 

assessment of palm oil's physicochemical properties such as viscosity, moisture, and acidity 

needs to be investigated to determine the mechanism that can lead to total or partial transformer 

failures [18]. The viscosity of palm oil is important to determine the insulation fluid cooling 

capability and its oxidation stability [19-20]. Determination of moisture in palm oil also needs 

to be examined because moisture is known as the main cause of the aging mechanism. 

At the moment, several studies have been conducted to study the effect of adding 

nanoparticles (nanotechnology) in insulation fluid to enhance its properties [21–23]. The 

findings suggest that palm oil performance as an insulation fluid has been improved with the 

addition of nanoparticles [24–26].  

In the recent past, several review and semi-review papers have been published on the 

suitability of bio-oils as a transformer insulation fluid [9, 27-28, 29 – 30]. However, in all these 

studies, palm oil has been discussed only peripherally, as their major focus was on some other 

ester oils. On the other hand, being the largest palm oil producer globally, the South East Asian 

trio, Malaysia, Indonesia, and Thailand, have conducted a significant amount of research 

during the last few years on the application of palm oil as a transformer fluid. However, a 

comprehensive review has not been carried out in this regard in the recent past. Thus, this study 

has been conducted to fulfill this existing information gap in the literature. The review has been 

done in terms of palm oil properties and performances as an insulation fluid. For palm oil 

properties, a review related to electrical (AC and lightning impulse breakdown voltage and 

dielectric dissipation factor) and physicochemical properties (viscosity, acidity and moisture) 

is carried out. In terms of palm oil performance, the investigations have been carried out related 

to properties of palm oil under aging [15], and the available information has been critically 

discussed. Studies on nanoparticles in palm oil have also been reviewed in this study to identify 

the improvisation of palm oil as an insulation fluid with the presence of nanoparticles 

[15,25,31,32]. 
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2. Materials and Methods 

 2.1. Types of palm oil. 

Palm Oil is natural ester oil which can be extracted from fruits processing of oil palm 

tree called palm nuts. Practically, it is an edible oil that consists of a hard seed (kernel) covered 

by a shell (endocarp), which is surrounded by a flush husk (mesocarp) [33]. There are five 

different types of Palm Oil that can be obtained from palm nuts; Crude Palm Oil (CPO), Palm 

Kernel Oil (PKO), Redefined, Bleached and Deodorized Palm Oil (RBDPO), PKO Alkyl Ester 

(PKOAE), and Palm Fatty Acid Ester (PFAE). The descriptions of each type of Palm Oil are 

tabulated in Table 1. 

 

Table 1. Description of the types of Palm Oil. 

Types of Palm Oil Description References 

Crude Palm Oil 

(CPO) 

Can be obtained from the mesocarp of the palm nut via 

four processes: 

• Sterilization 

• Stripping 

• Extraction  

• Purification  

[1,4,34] 

Palm Kernel Oil 

(PKO) 

Can be obtained from the kernel of the palm nut via two 

processes: 

• Separation  

• Drying  

[1,4,34] 

Redefined, Bleached 

and Deodorized Palm 

Oil 

(RBDPO) 

Can be refined through three different techniques: 

• Under degumming  

• Bleaching  

• Deodorization  

Can be separated through fractionation process to produce 

the RBDPO Olein. 

 [4,34,35] 

PKO Alkyl Ester 

Can be synthesized by three different techniques: 

• Transesterification 

• Epoxidation 

• Acid catalysed ring opening reaction  

 [4,34,35] 

Palm Fatty Acid Ester 

(PFAE) 

Can be obtained from the unsaturated fatty acids of Palm 

Oil and developed through laboratory synthesis involving: 

• Molecular design 

• Transesterification of fatty acid methyl ester and 

alkyl alcohol 

[36,37] 

2.2. Electrical properties of palm oil.  

AC and impulse voltage tests are the two most common methods that are used to 

determine the breakdown voltage of dielectric insulation in transformers [38]. The studies on 

the dielectric properties such as dielectric dissipation factor, resistivity, and relative 

permittivity also need to be carried out to examine palm oil's suitability as insulation fluid. 

2.2.1. Breakdown voltage under AC (50/60 Hz). 

The AC breakdown voltage is the most common and widely used basic electrical test 

for insulation fluid, which is applied under high voltage environments and is normally carried 

out at a nominal frequency of 50 Hz or 60 Hz [39]. The AC breakdown voltages are measured 

based on ASTM D1816 [40] and IEC 60156 [41] standards. Based on IEC 60156 [41] 

specifications, insulation fluids must satisfy the minimum breakdown voltage level of30 kV to 

be qualified as a transformer fluid [42]. The hemispherical shaped electrodes are used, and the 

electrodes gap distance is 2.5 mm. Previous studies have shown that the AC breakdown 

performances for most of the Palm Oil formulations meet the requirement of the IEC standards 
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[11,16,43,44-48]. Table 2 provides the breakdown values of palm oil from some of the studies 

available in the literature. 

Table 2. AC breakdown of various types of Palm Oil. 

Palm Oil VDE electrode 2.5 mm gap at kV/mm 

Requirement for transformer fluids [40,41,42]  > 30/50 

CPO [48] Between 17 and 23 

RBDPO [15,48] In the range 52,75 and 86 

RBDPO olein [14,15,16,48]   Between 44 and 60 

2.2.2. Breakdown voltage under lightning and switching impulses. 

IEEE Guide reported that the failures in high voltage applications caused by lightning 

are around 35% [49]. The lightning current generates transient overvoltage, which affects the 

performance of the dielectric insulation fluid of transformers in-service. Switching operations 

(grid energizing/de-energizing, system faults and tripping, and other unexpected interruptions 

such as line breakage) also generate transient overvoltage.   

The standard lightning and switching impulse waveforms are modeled by either the 

double exponential function or the Heidler function [50]. The two functions are somewhat 

similar; the double exponential waveform shows a discontinuity of the waveform derivative at 

t = 0 [51]. Thus, in much modern application, Heidler functions have been adopted to represent 

both lightning and switching waveforms.  Figure 1 shows the standard waveform (based on the 

Heidler function) used in many applications. For lightning voltage impulse, T1 is 1.2 µs, and 

T2 is 50 µs. There are many switching voltage impulse waveforms, and a typical set of values 

are T1 = 250 µs and T2 = 2500 µs. Both lightning and switching impulses can be produced 

using an impulse generator (typically called a Marx generator).  

The failure of transformers in-service could be very costly to utilities; therefore the 

evaluation of dielectric insulation fluid performance under impulse voltage is important [52].  

Hence, common tests of lightning impulse and switching impulse have been carried out to 

determine the ability of the insulation fluids in transformers to withstand the transient voltage 

and switching operation fault [53].  Lightning and switching impulse breakdown voltages can 

be measured according to the standard ASTM D3300 [54] and IEC 60897 [55]. Several studies 

have found that the impulse breakdown voltages for RBDPO Olein fulfilled the requirement of 

IEC 60897 [55], which are more than the minimum level breakdown voltages of 50kV [56], as 

shown in Table 3. 

 
Figure 1. Standard lighting and switching impulse waveform, based on Heidler function. 

Table 3. Lightning impulse breakdown of palm oil. 
Palm Oil Breakdown voltage (kV)at gap 15 

mm 

Requirement for transformer fluids [55] > 50  

RBDPO olein [56]  Between 89 and 106 

 

https://doi.org/10.33263/BRIAC115.1371513728
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC115.1371513728   

 https://biointerfaceresearch.com/ 13719 

2.2.3. Dielectric properties.  

2.2.3.1. Dielectric dissipation factor. 

The dielectric dissipation factor is used to determine the quality of oil [57]. It is a good 

indicator to determine if there is any contamination in dielectric insulation fluid and also to 

evaluate dielectric losses of the fluid [58]. The insulation fluid contamination could be due to 

the moisture, particles, sedimentation, and soluble polar contaminants or poor refining quality. 

According to IEC 62770 [59],  the standard acceptance value of the dielectric dissipation factor 

is less than 0.05. Based on the previous studies, palm oil's dielectric dissipation factor is slightly 

lower than the recommended limit of IEC standards [59], which is between 0.006 and 0.013 

for CPO, RPO is ranging from 0.0114 to 0.013, and RBDPO is between 0.0035 and 0.014. The 

dielectric dissipation factor value of RBDPO olein is the highest among those three types of 

palm oil, with the value ranging between 0.0014 and 0.03. The information is summarized in 

Table 4. 

2.2.3.2. Resistivity. 

Resistivity is defined as the ratio of the direct potential gradient in volts/meter parallel 

with the flow of current to the current density of the samples in amperes/meter square [58].  At 

present, no sufficient studies have been done on the resistivity of palm oil under various 

conditions. One of the available reports states that the resistivity of RBDPO is between 4.01 

Ωm and 6.22 Ωm, which is lower than recommended limit suggested by IEC 62770 [59] for 

natural ester dielectric insulation fluid [13][16] (Table 5).  

2.2.3.3. Relative permittivity. 

Relative permittivity is used to determine the type of dielectric insulating fluid [60]. 

Relative permittivity can be described as a measurement of the resistance encountered in the 

formation of electric fields between the electrodes in the dielectric insulating medium [58]. The 

relative permittivity of crude palm oil is 2.1, which is lower than the limit recommended by 

IEC 62770, whereas the relative permittivity of RBDPO is 3.5, which is slightly higher than 

the limit recommended by IEC 62770 [59] and previously discussed in Suwarno and Aditama 

[61] and Suwarno et al., [62]. Only relative permittivity for RBDPO olein is within the limit, 

which is 2.81 at 90 °C [16] (Table 6).    

2.3. Physicochemical properties of palm oil. 

Apart from electrical properties, it is necessary to evaluate palm oil's physicochemical 

properties to examine its insulation capabilities. The physicochemical properties are evaluated 

in terms of viscosity, acidity, and moisture.  

2.3.1. Viscosity. 

Viscosity is one of the important aspects of a dielectric insulation fluid, where it is a 

measure of the resistance offered by a fluid to flow. It is important to ensure the viscosity of 

insulation fluid at operating temperatures is low because the thinner the fluid, the easier it flows 

[63]. Studies have found that aging and oxidation will increase the viscosity of insulation fluid. 

The range of viscosities for RBDPO and RBDPO olein are  in between 37 cSt to 50 cSt and 21 
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cSt to 48.50 cSt, respectively [16,45,48,61,62,64]. These values are much lower than crude 

palm oil, with a value of 54.44 cSt, as shown in Table 7 [52].  

Table 4. Dielectric dissipation factor of various types of Palm Oil. 
Palm Oil Dielectric dissipation factor at 90 °C 

Requirement for transformer fluids [59] ≤ 0.05 

CPO [48] Between 0.006 and 0.013 

RPO [48] Between 0.0114 and 0.013 

RBDPO [61,62]  Between 0.0035 and 0.014 

RBDPO olein [15,45,61] Between 0.014 and 0.03 

0.03 at 25 °C 

Table 5. Resistivity of various types of Palm Oil. 
Palm Oil Resistivity (Ωm) 

Requirement for transformer fluids [59] ≥ 1 x 1012 

RBDPO [15] Between 4.01 and 6.22 

 
Table 6. Relative permittivity of various types of Palm Oil. 

Palm Oil Relative permittivity at 90 °C 

Requirement for transformer fluids [59] 2.8 – 3.3  

CPO [62]  2.1 

RBDPO [61,62]  3.5 

RBDPO olein [15,45]  2.81 

3.1 at 25 °C 

 
Table 7. Viscosity of various types of Palm Oil. 

Palm Oil Viscosity (cSt) at 40°C 

Requirement for transformer fluids [59] ≤ 50 

CPO [48] 54.44 

RPO ([48] 42.74 

RBDPO [61,62,64] Between 37 and 50 

RBDPO olein [15,45,49,61] Between 21 and 48.50 

2.3.2. Acidity. 

Acidity is another important parameter for dielectric insulating fluids and can be used 

as a benchmark to evaluate the chemical stability of the insulating fluid. The increase in oil 

acidity is a good indicator that shows aging has occurred in the transformer in service. 

Typically, the acidity level is used as a general guide for determining the time for replacement 

or reclamation of the oil [65-66]. The acidity value could also be affected by the composition 

of fatty acids. There are only a few studies that have been conducted on the acidity of palm 

oils. Based on the previous studies, the value of acidity on RBDPO olein is ranging between 

0.0014 mgKOH/g and 0.074 mgKOH/g, which is slightly lower compared to the limit 

recommended, based on standard IEC 62770 where the value acceptance is ≤ 0.06 mgKOH/g 

[16,45,59,67]   (Table 8).  

Table 8. Acidity of various types of Palm Oil. 
Palm Oil Acidity (mgKOH/g) 

Requirement for transformer fluids [59] ≤ 0.06 

RBDPO olein [15] [45] 0.0014 - 0.074 

2.3.3. Moisture. 

The main product of aging in dielectric insulation fluid is moisture. However, it is not 

desired. It can cause serious issues to the transformer if it exceeded a certain acceptable limit.  

If the moisture is not properly mitigated and reduced, it will shorten the lifetime of 

transformers. Previous studies reported that the moisture of crude palm oil is 84 ppm. The 

moisture of refined palm oil is 43 ppm, which is much lower than RBDPO olein with a value 

ranging from 105.7 ppm to 125.8 ppm as shown in Table 8 [16,48]. All reported moisture 
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values are lower than the recommended limit for natural ester dielectric insulation fluids, which 

is below 200 ppm [59] (Table 9).  

Table 9. Moisture of various types of Palm Oil. 
Palm Oil Moisture (ppm) 

Requirement for transformer fluids [59] ≤ 200 

CPO [48] 84 

RPO [48]  43 

RBDPO olein [15]  Between 105.70 and 125.8 

2.4. Aging performances of palm oil as a transformer insulation fluid. 

Performances of palm oil are also evaluated in terms of its aging performance. The 

studies only focus on the investigation of properties of palm oil under thermal aging. 

Aging is one of the most crucial characteristics in both the research and commercial 

operations of transformers. A transformer in-service will eventually undergo an aging process 

of which the rate depends on many parameters such as temperature, moisture, and oxygen. The 

aging process will usually lead to different by-products, such as acids, gases, and furanic 

compounds [68-69]. These by-products could degrade the lifetime of dielectric insulation fluids 

and will affect the performance of transformers.  

Recently, Mohamad et al. [15] reported that there is no significant effect on AC 

breakdown voltage of palm oil under thermal aging at 85 °C and 115 °C [16].  The AC 

breakdown voltage of RBDPO Olein maintains at a high level throughout the aging period I, 

which complies with the required limit recommended by IEEE C57.147 [58], which is ≥ 20 kV 

at 1 mm gap distance. In terms of dielectric dissipation factor, only an aging temperature of 85 

°C is within the limit recommended by IEC 62770, which is ≤ 0.05 at 90 °C/50 Hz. RBDPO 

olein's resistivity is lower than the limit recommended for transformer insulation fluid at both 

aging temperatures, as shown in Table 9.3. The relative permittivity of RBDPO olein maintains 

between 2.82 and 2.86 within the required limit recommended by IEC 62770 [59], which is 

between 2.8 and 3.3 at 90 90 °C/50 Hz. Under the thermal aging, it was found that the viscosity 

of RBDPO olein remains lower below the required limit recommended by both IEC 62770 [59] 

and ASTM D6871 [70], which is ≤ 50 mm2/s at 40 °C for both aging temperatures. This study 

reported that the acidity also remains below the required limit (≤ 0.06 mgKOH/g) suggested 

by IEC 62770 [59] and ASTM D 6871 [70]. Only at an aging temperature 115 °C, the moisture 

reduces below the limit recommended by IEC 62770 [59] and ASTM D 6871 [70], which is ≤ 

200 ppm [48]. Aging performance under various conditions of palm oil is depicted in Table 

Table 10-16. Data for these tables were adopted from [15]. 

2.5. Nanoparticles in Insulation fluid. 

During the early research, nanoparticles were introduced to enhance the capability of 

fluids in terms of thermal conductivity and heat transfer coefficient [22]. At the moment, 

several researches have been done to enhance the performance in terms of the electrical, 

chemical, and physical properties of fluid with nanoparticles' presence. Yet, it is anticipated 

that palm oil performance as an insulation fluid could be improved by using nanoparticles. 

 

Table 10. AC breakdown voltage of Palm Oil. 

Palm Oil Ageing duration 

(days) 

Temperature AC breakdown voltage 

(kV) 

RBDPO olein 0 – 14 85 °C Between 37.40 and 43.16 

115 °C Between 38.16 and 48.67 
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Table 11. Dielectric dissipation factor of Palm Oil. 

Palm Oil Ageing duration (days) Temperature Dielectric dissipation factor 

RBDPO olein 0 – 14 85 °C Between 0.02 and 0.05 

115 °C Between 0.05 and 0.07 

 

Table 12. Resistivity of Palm Oil.  

Palm Oil Ageing duration (days) Temperature Resistivity (Ωm) 

RBDPO olein 0 – 14 days 85 °C Between 2.78E9 and 6.43E9 

115 °C Between 1.98E9 and 3.34E9 

 

Table 13. Relative permittivity of Palm Oil.  
Palm Oil Ageing duration (days) Temperature Relative permittivity 

RBDPO olein 0 – 14 days 85 °C Between 2.82 and 2.86 

115 °C Between 2.82 and 2.83 

 

Table 14. Viscosity of Palm Oil.  
Palm Oil Ageing duration (days) Temperature Viscosity (cSt) 

RBDPO olein 0 – 14 days 85 °C Between 36.8 and 38.6 

115 °C Between 41.1 and 42.8 

 

Table 15. Acidity of Palm Oil.  

Palm Oil Ageing duration (days) Temperature Acidity (mgKOH/g) 

RBDPO olein 0 – 14 days 85 °C Between 0.001 and 0.004 

115 °C Between 0.003 and 0.005 

 

Table 16. Moisture of Palm Oil.  
Palm Oil Ageing duration (days) Temperature Moisture (ppm) 

RBDPO olein 0 – 14 days 85 °C Between 153.8 and 332.3 

115 °C Between 121.1 and 131.0 

2.5.1. Types of nanoparticles. 

Nanofluid is defined as a nanotechnology-based fluid in which a few nano-sized 

materials (nanoparticles) is dispersed in pure fluids such as mineral, vegetable, and ester oil 

[22] (Table 17). In a simple word, nanofluid is a pure fluid with the presence of nanoparticles. 

Table 17 shows classification of nanoparticles [71-72].   

2.5.2. Applications of nanoparticles in palm oil. 

In recent years, nanoparticles have been widely used to improve insulation fluid 

capability in terms of electrical, physical, and chemical properties. Table 18 shows the results 

of studies done to investigate the electrical properties of insulation with the presence of 

nanoparticles. 

It is anticipated that the electrical performances of insulation fluid could be improved 

with the presence of nanoparticles. A number of studies have been done on mineral oil and 

other vegetable oil except for palm oil. For palm oil, the studies have been done only in the 

investigation of AC breakdown voltage. The results show that the AC breakdown voltage has 

been increased compared to that of pure palm oil, and it is a good indicator to expand the studies 

on nanoparticles in palm oil on other electrical and physicochemical properties. 

Table 17. Classification of Nanoparticles. 
Types  Example 

Conductive SiC, ZnO, and Fe3O4 

Semi-conductive Cu2O, CuO, and TiO2 

Insulate SiO2 and Al2O3 
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Table 18. Summary of the presence of nanoparticles in oil insulation. 

Types of oil 
Types of 

Nanoparticle 
Findings References 

Palm Oil and 

Coconut oil  

Refined, 

Bleached and 

Deodorized 

Palm Oil 

(RBDPO) 

TiO2 

• Improve the AC breakdown voltages of RDBPO and CO. 

[25] 

Palm Oil 
Palm fatty acids 

ester (PFAE) 
Fe3O4 

• Improve the breakdown voltage and good performances 

under moisture stress. 
[73] 

• Improve the AC breakdown voltage for all PFAE-based 

nanofluids. 
[15] 

• 0.01 % Iron Oxide dispersed in ester oil has reduced AC 

breakdown voltage. 

• However, both samples 0.02 % and 0.03 % Iron Oxide 

dispersed in ester oil has increased the AC breakdown voltage. 

[31] 

Soybean oil 

(FR3) 
- 

SiO2 

• Improve the dielectric performance characteristics. 

• Useful for enhancing the dielectric characteristics of 

transformers. 

[26] 

TiO2 

• Can accelerate the charge dissipation rate and uniform the 

electric field. 

• Increase the shallow trap density in the ester-based 

nanofluid. 

 

[60] 

Mineral Oil - 

TiO2, BaTiO3, 

ZnO 

• Improve the AC breakdown voltage for Mineral Oil.  

• Good for dielectric applications. 
[24] 

SiO2 

• Improve the PD performance characteristics. [74] 

• Improve the breakdown strength, especially at high 

moisture content level. 
[22,23] 

SiO2, TiO2, 

ZnO 
• Improve the breakdown voltage with increase in particle 

volume fractions.  
[75] 

Vegetable oil - Fe3O4 

With increasing the nanoparticle size: 

• Improve the breakdown performance of nanofluids. 

• The volume resistivities of the nanofluids are almost 

equal. 

• The dissipation factors increase at frequencies below 

0.1 Hz.  

• The relative permittivity of the nanofluids are greater than 

the FR3 oil. 

• Increase the electrical potential well depth. 

• Enhance the capability of breakdown performance of 

nanofluids. 

[76] 

3. Conclusions 

This study gives an overview of the applicability of palm oil as a transformer insulation 

fluid. A comprehensive analysis has been provided in terms of the properties and performances 

of palm oil. It is anticipated that palm oil is a good candidate as an alternative fluid for replacing 

mineral oil in transformer applications. Basically, for transformer oil, the electrical and 

physicochemical properties of palm oil are of prime concern. In terms of electrical properties, 

the performance of AC breakdown voltage of palm oil meets the requirements set forth by IEC 

standard. The lightning impulse breakdown voltage characteristics of palm oil also fulfill the 

recommendations of IEC 60897. In terms of dielectric properties, such as the dielectric 

dissipation factor, palm oil has a value in the range of 0.0035 to 0.03; thus, it is in compliance 

with the IEC standards' recommendations. For resistivity and relative permittivity, the values 

are within limits. In terms of physicochemical properties such as viscosity, palm oil again meets 

the limit. The acidity of RBDPO olein ranges between 0.0014 mgKOH/g and 0.074 mgKOH/g, 

which is slightly lower than the limit specified in IEC 62770 [59] where the accepted maximum 

is 0.06, and for the moisture of palm oil, it has been found that the value is lower than the 

recommended limit suggested for natural ester dielectric insulation fluids (which is below 200 
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ppm). Performances of palm oil under aging show reasonably good results. There is not much 

difference between the AC breakdown voltage values between no aging and 14-day aging, 

which indicates that palm oil shows no degradation after this specified aging. However, further 

durations of aging should be tested in order to have a better understanding of the aging 

performance of palm oil. For the application of nanoparticles in palm oil, it is anticipated that 

palm oil performances could be improved in terms of electrical, physical, and chemical 

properties. Future prospects of palm oil, being utilized as an alternative insulation fluid to 

replace mineral oil, are quite high. Based on the previous studies' results, it is evident that palm 

oil meets the requirement of international standards and a majority of the electrical, physical 

and chemical properties are comparable with that of mineral oil. However, there are several 

lapses in the studies on palm oil as a transformer fluid. One of them is the lack of investigation 

on the partial discharge. Partial discharge is a critical component that can cause deterioration 

of insulation fluids in transformers, which leads to a partial breakdown. Such studies are 

essential in making improvements in the life of oil insulation. There is also a lack of studies on 

the lightning impulse breakdown voltage of palm oil. At the moment, few studies have been 

conducted elsewhere in investigating the lightning breakdown voltage of palm oil. It is crucial 

to examine the lightning impulse breakdown voltage due to the possibilities of direct lightning 

current injection and overvoltage occurring in transformers' real-life. The studies on insulation 

fluids in the presence of nanoparticles are conducted by many research groups; however, their 

attention on palm oil is yet to be triggered. The studies have only been done concerning AC 

breakdown voltage so far. Thus, further studies of palm oil in the presence of nanoparticles 

should be conducted comprehensively. The research on palm oil as a transformer fluid is still 

going on, and it requires further attention of the scientific community, as the oil may have a 

significant contribution to the reduction of environmental impact by mineral oils. 
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