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Abstract— Natural ester fluids may be used in new 

transformers as well as to retrofill existing units in order to 

improve their performance and reliability. Natural Esters, a 

new class of fully biodegradable dielectric insulating fluids, 

were developed for transformer applications. These 

vegetable-oil-based fluids meet all the needs for a high-

temperature insulating fluid with the addition of being 

manufactured from renewable raw materials. Breakdown 

voltage, PH value and viscosity measurements have been 

used to compare the stability of NE in a transformer 

operating environment to mineral oil. The application of 

these available condition monitoring techniques for Natural 

Ester filled transformers is also to be validated as the use of 

Natural Ester for power transformers is in the evaluation 

stage. 
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I. INTRODUCTION 

Natural esters (vegetable oils) formulated as dielectric fluids 

have environmental and fire safety advantages over 

alternative transformer mineral oil. In thermal estimation 

comparisons of transformer insulation systems, production 

distribution transformers filled with natural ester dielectric 

fluid exhibited less deterioration than did the corresponding 

transformers using mineral oil. The environmental 

properties of natural esters are such that in Germany they 

are classified as “non-hazardous to waters”. Aquatic 

biodegradation tests of the natural ester dielectric fluid used 

in this experiment found >99% metabolized conversion to 

CO2, equivalent to compounds defined as “ultimately 

biodegradable”. Inacute trout toxicity tests the same fluid 

had no observable effect at 1000mgh, the highest 

concentration tested. Transformers using natural ester fluids 

deliver very important improvements in fire safety 

compared to those using mineral oil. Natural ester dielectric 

fluids have fire points in the range of 350-360°C; alternative 

mineral oil has a fire point of about 155°C. Two natural 

ester dielectric fluids are recognized as “less-flammable” 

Accelerated aging tests of distribution transformers gave 

early indications that the rate of paper aging is fluid-

dependent. An earlier study quantified this dependence for 

thermally upgraded Kraft insulation paper. This work 

examines the aging rate dependence on fluid type for plain 

(not thermally upgraded) Kraft insulation paper. 

DESCRIPTION 
NATURAL 

ESTER 

MINERAL 

OIL 

Fully 

Biodegradable 
✔ ✘ 

Breakdown Voltage 

kV 
>75 >70 

Moisture Saturation 1100 55 

ppm at ambient 

Temperature 

Kinematic Viscosity 

at 40°C 
37 12 

Density at 20°C 0.92W/m3 0.88W/m3 

Expansion Coefficient 0.00074 0.00075 

Permittivity 3.1 2.2 

Pour Point °C -31 <-50 

High Temperature Good Poor 

Breathing 

Transformers 

Not 

Recommended 
- 

Sealed 

Transformers 
Recommended - 

Table 1: Comparison of some specification values for 

Mineral Oil and Natural Ester Oil 

II. SIMULATION DIAGRAM 

In existing system natural ester oil in power transformer 

supported by Fourier transform infrared spectra. PH value 

breakdown voltage and viscosity measurements have been 

used to comparethe stability of NE in a transformer 

operating environment to mineral oil. 

 
Fig. 1: 
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III. VISCOSITY 

Fluid viscosity (along with thermal expansion, thermal 

conductivity, and heat capacity) is used to optimize the 

transformer cooling design. The viscosity of vegetable oils 

is slightly higher than mineral oil. This is partially 

compensated for by other fluid thermal properties such that 

the transformer’s thermal designs will likely be similar for 

mineral and vegetable oils.  

 
Fig. 2: 

IV. BREAKDOWN VOLTAGE 

The dielectric breakdown test commonly known break down 

voltage test, this test results gives the insulating fluid ability 

to withstand the electrical stress. 

.  

Fig. 3: 

The performance of Natural ester oil decreases with 

increase in aging factor. The reason for breakdown voltage 

decrease is stress on the components due to continuous 

operation of the system. At starting the value of the 

breakdown voltage is 88kv. After sometimes of operation 

the value is 92kv. After long year of operation the value 

decreases again to its initial points. 

V. PH VALUE 

At starting the value of the PH value is 6.5. After sometimes 

of operation the value is 5.5. After long year of operation the 

value decreases again to its initial points.  

 
Fig. 3: 

The performance of Natural ester oil increase with 

decreases in aging factor. 

VI. WATER 

Water content of natural ester fluid can be considerably 

different from mineral oil. water saturation versus 

temperature for mineral and vegetable oils. At room 

temperature, the water saturation of mineral oil is about 60 

mg/kg. Natural esters have room temperature saturations of 

approximately 1000 mg/kg. The dielectric strength of an 

insulating fluid starts to decrease when the relative 

saturation increases to 40-50%. Using percent saturation 

instead of absolute water content allows direct comparisons 

between natural ester fluids and mineral oil to be made. The 

water content of the paper in mineral oil increased 

significantly. The water content of the paper in natural ester 

decreased. By the end of the test, water content of paper 

aged in mineral oil wasorders of magnitude greater than of 

paper aged in natural ester. In mineral oil, the water content 

of the paper at 500 hours decreased slightly from the initial 

0.75wt%. At 1000 hours, the water content increased to 

2.4wt%, and continued to increase to about 3.3wt% for the 

remainder of the test. 

VII. MOISTURE CONTENT 

The fresh oil sample should not have a moisture content of 

more than 40ppm.This is a very important test as moisture 

affects the dielectric properties of the oil. Therefore, when 

testing the transformer oil for moisture content, the test 

reading should not exceed 40ppm. A moisture content of 

more than 40ppm indicates that the oil has to be 

immediately replaced. 

VIII. FLASH POINT  

The flash point is a key factor in the oil tests. It should not 

be reached before 140˚C for the oil to be of good quality. 

This is the most commonly undertaken method of testing 

power transformer efficiency. Oil sample(s) are taken from 

the transformer and subjectedto various tests and the results 

are analyzed before declaring the equipment fit or unfit. 

IX. SPECIFIC RESISTANCE 

At 90°C, the resistivity of transformer oil is supposed to be 

0.1× 1012ohm-cm. The transformer oil test sample at 90°C 

will have a specific resistance of less than 0.1× 1012ohm-

cm if the oil is old and of poor quality, requiring 

replacement. 

X. CONCLUSION 

Abehaviour of natural ester insulation and mineral oil 

insulation over the ageing process show that using natural 

ester in transformer, the insulation system has not only a 

more superior ac dielectric property, but also the superior 

thermal stability of the insulation system. These results may 

add credence that natural ester can be used in transformer 

safely. The conclusions could be draw from this research as 

follows. The natural ester has a higher absolute moisture 

content than mineral oil in the ageing process, while the 

mineral oil has a much higher relative moisture content than 

natural ester, except for ageing 30 days, where the relative 
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moisture content of mineral oil is similar to that of natural 

ester.  

Compared with mineral oil, the absolute moisture 

content and acids content of the pressboard aged in natural 

ester are much higher than that aged in mineral oil before 

ageing for 93 days, since then the absolute moisture content 

and acids content of pressboard aged in two oils are close to 

each other. The detailed mechanisms are not clear and 

further research on the influence of migration of moisture on 

acid transport is required. The ac breakdown strength of 

natural ester is much higher than mineral oil during the 

whole ageing process, except for when sampled at 30 days, 

where the ac breakdown voltage of natural ester is only 

comparable with the mineral oil aged the same time. The 

natural ester impregnated pressboard shows higher ac 

breakdown strength value than mineral oil impregnated 

pressboard over the whole ageing period. The lower 

permittivity ratio of natural ester/impregnated pressboard to 

natural ester is beneficial to the ac breakdown strength of 

natural ester/pressboard insulation system. The ac Break 

down strength of natural ester is much higher than mineral 

oil at temperatures of 40, 50, 60 and 700C, and the natural 

ester impregnated pressboard also shows higher ac 

breakdown strength value than mineral oil impregnated 

pressboard in these temperatures. The thermal stability of 

natural ester/ pressboard insulation system is better than 

mineral oil/ pressboard insulation system in the ageing 

process.  
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