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Backed by thousands of transformers on multiple continents 
and the recent publication of international standards, the life 
extension capability has been ‘inverted’, due to the transformer 

cost efficiencies enabled by designing high temperature insulation 
systems. Without degrading life expectations, smaller, optimised 
transformer designs are of keen interest to utilities globally.

Upper operating temperature limit

The standards, IEEE C57.154 [1] ‘Standard for the design, testing 
and application of liquid-immersed distribution, power and regulat-
ing transformers using high-temperature insulation systems’, and 
a similar IEC standard currently under development, sets the upper 
operating temperature limit of transformers designed with natural 
esters (Envirotemp FR3 fluid) and Thermally Upgraded Kraft (TUK) 
paper at 130 ºC without adversely impacting transformer life.

Compared to mineral oil, Envirotemp FR3 fluid enables longer 
lasting transformer insulation systems, improved temperature man-
agement during peak energy demand periods, and construction in a 
more compact design.

The science behind this powerful capability is the way in which 
natural esters like Envirotemp FR3 fluid interact with water. Natural 
esters like Envirotemp FR3 fluid have significantly higher water 
saturation limits compared to conventional transformer liquids. In 
a transformer system, the solid cellulose insulation is the limiting 
factor for transformer life and must work in harmony with the fluid. 
The higher water saturation limits of natural esters, coupled with 
their ability to remove water, provide conditions that allow higher 
operating temperatures. 

For natural esters, higher operating temperatures are not a prob-
lem for safety, since their flash and fire point temperatures are two 
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Natural ester dielectric fluids are increasingly being designed into transformers globally for one of three reasons – fire safety, environmental 

safety and insulation life extension.

times higher than conventional transformer oils. Furthermore, natural 
esters are considered self-extinguishing Class K fluids. Utilising this 
technology means a shift in conventional wisdom for the transformer 
industry. If asked for the keys to maintaining optimal transformer life, 
many industry professionals would reply by saying ‘keep them dry 
and cool’. However, natural esters turn these constraints upside down. 
Thousands of Envirotemp FR3 fluid filled transformers designed to 
fully utilise this enhanced insulation system capability are currently 
energised on multiple continents, because of cost effectiveness and 
risk reduction. Along with optimised transformer designs, Envirotemp 
FR3 fluid provides improved fire safety (no reported incidences since 
the product launched more than a decade ago) and best-in-class 
environmental properties.

Improved environmental impact

Higher temperature transformer designs using the combination of 
cellulose insulation materials and natural ester fluids as described in 
the above standards have reduced environmental impact. Envirotemp 
FR3 fluid is biobased, renewable, ultimately biodegradable, nontoxic, 
non-hazardous, and essentially carbon neutral (according to Building 
Environmental and Economic Sustainability (BEES) lifecycle analysis). 
By taking advantage of higher temperature insulation system designs, 
compact natural ester filled transformers can be constructed with less 

Envirotemp FR3 fluid is currently applied in 
over 500 000 new and existing transformers 

across six continents.
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Abbreviations/Acronyms

BEES – Building Environmental and Economic Sustainability
IEC – International Electrotechnical Commission
IEEE – Institute of Electrical and Electronic Engineers
TUK – Thermally Upgraded Kraft

Dave S Roesser PhD is the global general manager (dielectric fluids) for 
Cargill’s Industrial Specialties business unit.

Kevin J Rapp is a senior chemist at Cargill.

John Luksich is a principal engineer at Cargill Inc – his focus being on 
natural and synthetic ester dielectric fluids.

C Patrick McShane is the global technology consultant on dielectric 
fluids for Cargill.

Alan Sbravati graduated from the University of Campinas as a mechani-
cal engineer.

Charles Tanger is a principal chemist with Cargill Industrial Specialties, 
focused on technical and plant support for dielectric fluids and bio-based 
polyols.

Enquiries: Wilec. Louis Blom. Email louisb@wilec.co.za

fluid and less solid construction materials. Reduced material usage 
enables the conservation of resources and provides a more-effective, 
efficiently designed transformer with improved environmental and 
fire safety. Envirotemp FR3 fluid-filled transformers provide both im-
proved thermal performance and significant environmental benefits.

 
Fluid history and benefits

Envirotemp FR3 fluid was developed two decades ago, and was 
released to the industry in 1998. It was designed to help customers 
achieve higher levels of fire safety, performance, and reliability, while 
keeping costs and liability down. 

Today, dozens of utilities and corporations throughout Australia 
and New Zealand, and hundreds of utilities around the world, use 
the product over traditional mineral oil because of its tested and 
proven environmental and performance benefits. Envirotemp FR3 
fluid is a biobased product consisting primarily of vegetable oil, and 
is classified as non-toxic, ultimately biodegradable, and essentially 
carbon neutral. The environmental and health profile of Envirotemp 
FR3 fluid is unmatched by any other dielectric coolant.

Conclusion

Cargill, which has been Cooper Power Systems’ exclusive production 
partner since 2004, purchased the global Envirotemp FR3 fluid brand 
from Cooper, in June, 2012. Cargill is utilising its global footprint to 
increase the global production of the fluid via the development of 
regional operations, to meet increasing demand. 

Envirotemp FR3 fluid is currently applied in over 500 000 new and 
existing transformers across six continents. Envirotemp FR3 fluid is 
available to all distribution, transmission, and power transformer 
manufacturers. Envirotemp FR3 fluid is also used in retro fill applica-
tions for existing transformers and other fluid-filled distribution and 
power equipment.
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Envirotemp FR3 fluid enables a new class of transformer 

– smaller, safer, and more reliable – while better pro-

tecting the environment. Across the globe, bio-based 

Envirotemp FR3 fluid dielectric coolant is improving 

overall equipment and bottom line performance. Learn 

how you can improve transformer capacity by as much 

as 20 %, and provide the highest level of fire resistance, 

with reduced carbon emissions.


