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ABSTRACT 

A transformer is one of the essential components in an electric power system network. 

Therefore, failure of a transformer could be very disastrous to utilities, customers and technical 

personnel. Post-transformer failure analysis has shown that insulation failures are the leading 

cause of transformer failures. Mineral oil derived from petroleum-based products which are 

non-renewable, non-biodegradable and hazardous to the environment in case of spillage have 

been the choice of transformer oil insulation for more than a century. However, these negative 

issues and the fact that Mineral oil may soon run out of existence due to its non-renewable 

nature, have made many researchers search for an alternative to the long used Mineral oil for 

transformer insulation. This study investigates the dielectric properties of vegetable oils, if 

suitable to replace the long-used Mineral oil for transformer application. The vegetable oils 

used in this study include Melon oil, Sunflower oil, Coconut oil and Corn oil. These vegetable 

oils were obtained from various Farms in Nigeria (open local market) since these crops are 

grown locally in Nigeria. The Mineral oil sample was obtained from the Power Holding 

Company of Nigeria (PHCN). Experimental measurement of the oil samples was carried out 

in the High Voltage laboratory with several measuring equipment. The electrical properties of 

the oil measured is Breakdown voltage (BDV) alongside the effect of accelerated thermal 

ageing was studied. The experimental results revealed that vegetable oil has the potential to 

replace the long-used Mineral oil for transformer application. Out of the four vegetable oils 

considered, Sunflower oil and Melon oil exhibit good insulating electrical properties at 

standard measurement. 
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1.0 Introduction 

A transformer is a static electromechanical device that transforms voltage from one level to 

another without changing its frequency (Alharbi et al., 2019). During transformation, heat is 

generated in the form of losses due to its electrical and magnetic components (Akash, 2016). 

Since the rejected heat is inevitable and excessive heat can damage the transformer insulation, 

hence, transformer need to be immersed in good insulating oil (Hashmi et al., 2013). Failures 

of transformers cost millions of dollars to replace, require several months to replace and can 

leak toxic fluids if spillage occurs. Since transformers are one of the most expensive pieces of 

equipment in the electric power system network, their proper monitoring is paramount (Huang 

et al., 2015). A study of Post-failure analysis of transformers shows that insulation failures are 

the leading cause of transformer failures (Christina et al., 2015). Transformer oil plays a vital 

role in the proper functioning of the transformer; it serves dual roles of both cooling and 

insulation medium, which determines the lifetime of transformers (Radu et al., 2015). Thus, 

the reliability of a transformer is largely determined by its insulation condition (Wang and 

Grzybowski, 2011). 

Over the years, petroleum-based mineral oils have been used for liquid insulation in high-

voltage equipment (Fofana and Rao, 2018). Petroleum-based insulating oil generally has 

excellent dielectric properties like high electric field strength, low dielectric losses and long-

term performances (Mahanta and Laskar, 2017). However, due to environmental 

considerations, there is a need to search for alternative liquid insulation that will be 

environmentally friendly (Contreras et al., 2018). One of the necessary reasons for an 

alternative to mineral oil is first, conventional mineral oils are non-biodegradable (they can 

contaminate soil and water). Secondly, mineral oil is being extracted from petroleum, which 

may soon run out shortly, since petroleum is non-renewable (Sindhuja et al., 2018). Therefore, 

the demand for environmentally friendly dielectric liquids in transformer applications is 

increasing as the hazardous impact of mineral oils is becoming increasingly eminent 

(Muhammad et al., 2016). An alternative to non-biodegradable mineral oil is vegetable oils 

(Maria, 2010). Vegetable oils can become an alternative due to their non-toxic nature. Carbon 

dioxide and water are the only products formed during the biodegradation process of vegetable 

oil (Tamada et al., 2012). They are also less flammable with excellent flash/fire points than 

mineral oils and absorb more moisture than mineral oil (Shah and Tahir, 2011). However, the 

review makes it clear that only a few studies have been done on replacing mineral oil with 

vegetable oil. 

A comparative study of using of Soya bean oil and Palm kernel oil as an alternative to mineral 

oil as an insulating fluid in a transformer was done by (Usman et al., 2012). Crude samples of 

these oils and their blended forms in various proportions were tested. The results reveal that 

soya bean oil and palm kernel oil has good qualities to become an alternative to mineral oil. 

However, the research fails to identify which vegetable oil is superior to one other. A 

comparative study of the breakdown voltage of palm oil and coconut oil with and without the 

presence of an additive (TiO2) was done by (Muhammad and Raja, 2018). TiO2 was added at 

varying concentrations of 0.1% to 0.5%. The effect of varying gap lengths was also considered. 

The temperature of the oil was controlled at 30˚C. The experimental investigation was done 
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per ASTM D1816 Standard. An investigative study on edible corn oil as an alternative to 

mineral oil in distribution transformers was studied by (Taslak et al., 2015). Various properties 

of liquid insulation like breakdown voltage, relative dielectric constant, dissipation factor, 

power loss and resistivity were measured according to distinct frequency and voltage values. 

A study has proposed using Bentonite material to treat used transformer oil (Loai et al., 2011). 

Two different transformers of the same rating, one filled with purified oil and the other filled 

with treated bentonite oil, and the two transformers were tested for one year under operating 

conditions. Analysis of the comparison of the breakdown voltage of some selected vegetable 

oils like, rice oil, corn oil, and peanut oil with that of mineral oil was presented by (Dung et al., 

2018). The experimental investigation was done with both new and aged oils. All the 

aforementioned studies did not consider the effect of accelerated thermal ageing. Hence, this 

present study will consider the impact of thermal ageing on the BDV of various vegetable oils.   

2.0 Materials and Method 

2.1 Oil Samples and Pre-conditioning 

Vegetable oil samples like Coconut oil, Sunflower oil, Corn oil and Melon oil are obtained on 

a farm in Nigeria since these crops are grown locally in Nigeria. On the other hand, the mineral 

oil sample is obtained from the Power Holding Company of Nigeria (PHCN). Therefore, the 

insulating oils tested in this experimental study are mineral oil, sunflower oil, corn oil, coconut 

oil and melon oil. Figure 1 shows the oil samples in various containers for experimental 

measurement. 

 
Figure 1: Various Oil Samples for Experimental Measurement 

2.2 Accelerated Ageing Process 

Ageing of oil will lead to its deterioration, which is a function of moisture content, temperature 

and oxygen content. Since modern preservation minimizes oxygen and moisture contribution 

to oil deterioration, temperature becomes the most viable contributing parameter of accelerated 

ageing. After the vacuum process, the oil samples are immediately put inside the oven for the 

accelerated thermal ageing process. The oil samples are directly allowed to contact with air in 

the heating process, a resemblance to respiratory system in the transformer, which allows an 

oxidation process. Copper wire (5cm long and 2mm diameter) acting as a catalyst is added to 

the oil samples using a tweezer to accelerate the oxidation process. The accelerated thermal 



Ike, C. C., Ike, S. A., Orukpe, P. E. and Akhabue, C. E. Journal of Engineering for Development, Vol. 14(3), 

September (2022) pp. 102-112 

105 
 

ageing (heating) was performed for 1800 hours at of 90ºC and 120ºC for all the vegetable oil 

samples. The oil sample placement inside the oven is shown in Figure 2. 

 
Figure 2: Picture of oil samples in the oven for accelerated ageing 

Ageing of transformer oil has been known as one of the major causes of transformer failures. 

The ageing rate of dielectric oil depends mainly on the stress magnitude of electrical, 

mechanical and thermal stresses. 

2.3 Breakdown Voltage Measurement of Oil Samples 

The breakdown voltage test is repeated allowing a pause of at least 2 minutes after each 

breakdown or until no gas bubbles are present around the electrode gap. Suppose ‘n’ number 

of breakdown voltages recorded, Vbdv1, Vbdv2,……Vbdvn. The final result is obtained from the 

mean value of the ‘n’ breakdowns given by Eq. 1. 

�̅�𝑏𝑑𝑣 =
1

𝑛
∑ 𝑉𝑏𝑑𝑣𝑖
𝑛
𝑖=1          (1) 

Obtaining the BDV of oil sample is inevitable and most be carried out to avoid damage to the 

transformer. The dielectric strength of the oil is tested in a cell made up of glass as shown in 

Fig. 3. The test cell is transparent and non-absorbent. Two polished electrodes made up of gold 

are used. These electrodes have hemispherical shape. The electrodes are placed horizontally 

with an adjustable gap length of between 2.0 to 2.5mm. A variable high voltage supply is 

connected through a step up transformer to the electrode and a voltmeter will indicate a BDV. 

The BDV is a function of temperature rise. In the test, the voltage is uniformly increased by 

2kV/sec from zero to up to a value that will produce a spark between the electrodes. The test 

is carried out for a minimum of 5 times in order to reduce error. 
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Fig. 3: Picture of the test cell for breakdown voltage measurement 

3.0 Results and Discussion 

3.1 Results of Breakdown Voltage of Oil Samples 

    

The breakdown voltage (BDV) of liquid dielectric is the most important property of insulating 

oil for transformer application. The BDV of a liquid dielectric tells the ability of the oil to 

withstand dielectric stresses. The BDV is sensitive to impurity, moisture, contamination, etc. 

The BDV is measured at a standard gap length of 2.5mm based on IEC60156 standard. The 

BDV was measured five times and the average was recorded. The results obtained is shown in 

Table 1. 

Table 1: Result of BDV of Oil Samples 

Raw BDV (kV) Measurement at 2.5mm  

Sample 

Measurement 

Sunflower 

oil 

Corn 

oil 

Coconut 

oil 

Melon 

oil 

Mineral 

oil 

1 50.9 13.7 12.5 31.4 44.5 

2 52.7 14.1 13.6 31.2 44.7 

3 51.8 14.0 13.2 30.5 44.2 

4 51.7 14.4 12.9 30.7 44.8 

5 51.9 13.9 12.8 31.5 44.6 

Average 

Measurement 
51.8 14.0 13.0 31.1 44.6 

 

At the standard gap length (2.55mm) as shown in Table 1, sunflower oil has the highest BDV 

(51.8kv), followed by mineral oil (44.6kV), melon oil (31.1kV), corn oil (14.0kV) and coconut 

oil (13.0kV) which has the least BDV. All the oil samples meet with the standard for BDV for 

transformer oil application (≥30kV) except corn oil and coconut oil which has <30kV. 
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3.2 Effects of Varying Gap Length on Breakdown Voltage 

Figure 4 shows the effect of varying gap lengths of electrodes on the breakdown voltage (BDV) 

of oil samples. The figure shows that breakdown voltage linearly increases with an increase in 

gap length. This increase in BDV due to an increase in gap length can be attributed to the 

retardation effect or spare charge of oil particles when migrating to the electrode of higher 

electric field stress.  

 
Figure 4: Graph of BDV of oil samples against gap length 

3.3 Effect of Breakdown Voltage on Thermal Ageing 

Figure 5 and 6 shows the graphical presentation of BDV of the oil samples against ageing time 

at 90ºC and 120ºC respectively. The BDV of the oil samples at a gap length of 2.5mm (for 

standard measurement) at 90ºC and 120ºC was reduced from 31.1kV to 14.4kV and 9.8kV for 

Melon oil, 51.8kV to 28.5kV and 19.4kV for Sunflower oil, 13.0kV to 4.8kV and 3.3kV for 

Coconut oil, 14.0kV to 4.5kV and 3.2kV for Corn oil and lastly from 44.6kV to 25.7kV and 

19.3kV for Mineral oil respectively at both 90ºC and 120ºC respectively. 

 
Figure 5: Graph of BDV against ageing time at 90ºC 
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Figure 6: Graph of BDV against ageing time at 120ºC 

Figure 7 presents the effect of thermal ageing on the BDV of Melon oil. During the test for 

BDV, the BDV of the oil was found to decrease with time but more at a higher temperature of 

ageing. This higher reduction as a result of temperature can be attributed to the production of 

more impurities due to overheating of the oil sample. This reduction in BDV is also due to the 

presence of more moisture content as a result of overheating during the ageing process. 

 
Figure 7: Graph of BDV of aged Melon oil against ageing time 

Figure 8 presents the effect of thermal ageing on the BDV of Sunflower oil. During the test for 

BDV, the BDV of the oil was found to decrease with time but more at a higher temperature of 

ageing. This higher reduction as a result of temperature can be attributed to the production of 

more impurities as a result of overheating of the oil sample. This reduction in BDV is also due 

to the presence of more moisture content as a result of overheating during the ageing process.  
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Figure 8: Graph of BDV of aged Sunflower oil against ageing time 

Figure 9 presents the effect of thermal ageing on the BDV of Coconut oil. During the test for 

BDV, the BDV of the oil was found to decrease with time but more at a higher temperature of 

ageing. This higher reduction as a result of temperature can be attributed to the production of 

more impurities as a result of overheating of the oil sample. This reduction in BDV is also due 

to the presence of more moisture content as a result of overheating during the ageing process.  

 
Figure 9: Graph of BDV of aged Coconut oil against ageing time 

Figure 10 presents the effect of thermal ageing on the BDV of Corn oil. During the test for 

BDV, the BDV of the oil was found to decrease with time but more at a higher temperature of 

ageing. This higher reduction as a result of temperature can be attributed to the production of 

more impurities as a result of overheating of the oil sample. This reduction in BDV is also due 

to the presence of more moisture content as a result of overheating during the ageing process.  
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Figure 10: Graph of BDV of aged Corn oil against ageing time 

Figure 11 presents the effect of thermal ageing on the BDV of Mineral oil. During the test for 

BDV, the BDV of the oil was found to decrease with time but more at a higher temperature of 

ageing. This higher reduction as a result of temperature can be attributed to the production of 

more impurities as a result of overheating of the oil sample. This reduction in BDV is also due 

to the presence of more moisture content as a result of overheating during the ageing process. 

 
Figure 11: Graph of BDV of aged Mineral oil against ageing time 

Figure 7 - 11 shows the effect of change in the thermal temperature of oil samples on 

deterioration for all five oil samples. These figures (Fig. 7-11) show that increase in 

temperature has a devastating effect on the thermal ageing of transformer oil. The BDV of the 

samples at the end of the thermal ageing was lower than the initial BDV without thermal 

ageing.  

4.0 Conclusion 

This study also investigated the effect of accelerated thermal ageing on the dielectric 

characteristics of oil insulation. The vegetable oil samples used include Melon oil, Sunflower 
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oil, Coconut oil and Corn oil, compared with Mineral oil. The study demonstrates that out of 

the four vegetable oil samples, Sunflower oil and Melon oil exhibit good insulating properties 

compared to Mineral oil. At a standard gap length of 2.5 mm, the BDV of Sunflower oil was 

51.8 kV, while that of Melon oil was 31.1 kV compared with that of Mineral oil which is 44.6 

kV. High BDV is necessary to prevent transformer insulation failure. The standard for BDV of 

transformer oil application must be ≥ 30 kV. The results reveal that the BDV of all the oil 

samples decreases alongside thermal ageing. 
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