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Envirotemp FR3 fluid is formulated from edible seed oils and food 
grade performance-enhancing additives. It does not contain 
any petroleum, halogens, silicones – or any other questionable 

material. It biodegrades quickly and thoroughly in soil and aquatic 
environments. The fluid tested non-toxic in aquatic toxicity tests; it is 
tinted green to reflect its favourable environmental profile.

The fluid has an exceptionally high fire point of 360 °C and flash 
point of 330 °C. It has the highest ignition resistance of less flamma-
ble fluids currently available. It is referred to as a High Fire Point or 
‘less flammable’ fluid and is listed as a ‘less flammable dielectric’ by 
Factory Mutual and Underwriters Laboratories for use in complying 
with the National Electric Code (NEC) and insurance requirements.

The fluid is compatible with standard transformer insulating 
materials, components and with fluid processing equipment and 
procedures. It demonstrates improved thermal characteristics with 
a viscosity closer to conventional transformer oil, superior dielectric 
strength in new and continued service applications, and excellent 
chemical stability over time.

Because of its excellent environmental, fire safety and performance 
characteristics, applications for the fluid have expanded into a variety 
of other equipment, including sectionalising switches, transformer 
rectifiers, electromagnets, and voltage supply circuits for luminaries. 
Other potential applications under study include voltage regulators, 
high voltage cables, and power substations. The fluid is used in retrofill 
applications for other fluid-filled distribution equipment.

Performance

The unique chemical structure of the fluid provides superior perfor-
mance characteristics. The fluid maintains its dielectric strength much 
better than other dielectric fluids when used as a load-break switch 
medium, and has the lowest gassing tendencies under electrical stress. 
Its cooling performance is superior to other less-flammable fluids. It 
has lower viscosity at operating temperatures than other less-flam-
mable fluids. The fluid exhibited no measurable change in viscosity 
over exhaustive testing cycles. It has superior resistance to coke and 
sludge formation when compared to conventional transformer oil. 
Under the same accelerated coking tests, the fluid produced less than 
1/20 of carbonaceous coke than that produced in mineral oil. Doble 
Laboratories’ sludge-free life test resulted in no measurable sludge.

The fluid has an exceptional ability to draw out retained moisture 
and absorb water driven off by ageing paper. It also chemically helps 

prevent the paper molecules from severing when exposed to heat. 
These attributes enable the fluid to significantly minimise the rate 
of ageing of the ageing of transformer insulating paper. Tests have 
shown that paper aged in this fluid takes five to eight times longer 
to reach the same end-of-life points as paper aged in conventional 
transformer oil.

Table 1 shows a comparison of the time to reach insulation 
end-of-life for thermally upgraded Kraft paper aged in conventional 
transformer oil and the fluid. The time to insulation end-of-life using 
IEEE C57.91 [1] transformer loading guide comparison is included 
for comparison.

Table 1: Transformer insulating paper – end-of-life (hours).
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Fire safety

The fluid has a fire point of 360 °C, which is well above the NEC mini-
mum of 300 °C. Its flash point (330 °C) is higher than the fire point 
of most other currently available less-flammable fluids. The fluid is 
certified as a less-flammable dielectric coolant by Factory Mutual and 
Underwriters Laboratories in compliance with the listing requirements 
of the NEC. The National Fire Protection Association has no reports 
of fires or explosions involving transformers filled with the fluid.

In large and small-scale tests, the fluid has demonstrated greater 
fire resistance than other askarel substitutes. Based on large-scale 
testing, Factory Mutual Research concluded that the probability of a 
pool fire evolving the fluid was so low, that it does not require heat 
release rate to be determined nor applied in determining the instal-
lation requirements of the fluid.

Environmental and health

The fluid is specifically formulated to minimise health and environ-
mental risk. It is made of food grade seed-oils and food grade per-
formance enhancing additives. The base oils come from renewable 
resources – commodity seeds – and are easily recyclable and reusable. 
It does not require genetically altered seed-oils. It has a trademark 
green tint to help differentiate it from other dielectric fluids. 
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Abbreviations 

Its biodegradation rate is as good as the Environmental Protection 
Agency (EPA) standard reference material, deemed ‘ultimately bio-
degradable’ per EPA.

In one of the most extremely sensitive acute toxicity tests, the 
Trout Fry Acute Toxicity test OECD GL 203, the fluid out-performed 
other dielectric fluids by achieving a zero mortality rate throughout 
the entire test period. Because the fluid is formulated from food-grade 
oils and additives, it is not subject to the Federal Regulation of Used 
Oils (Title 40, No 270). It is instead covered by the Edible Oil Regula-
tory Reform Act and therefore eligible for current and future regula-
tory relief. The option of alternative spill response procedures, such 
as natural bio-remediation, is now more viable. The fluid’s slightly 
higher viscosity when compared to conventional transformer oil, 
combined with its ability to polymerise when thin layers are exposed 
to warmth and air flow, help prevent migration along the surface and 
into sub-surface soils.

The fluid is not listed as hazardous by the EPA, OSHA or the DOT. 
Oral toxicity animal tests reported no signs of toxicological reactions 
nor have human contact reactions been reported. It is not classified 
as bio accumulating or mutagenic. 

New transformers

Transformers filled with the fluid for indoor, submersible and outdoor 
applications are available from manufacturers worldwide. For indoor 
applications the fluid-filled transformers not only provide the proven 
performance of liquid-filled design, but at a lower total lifecycle cost 
than other alternatives with equal ratings. Fluid-filled transformers 
are also an excellent choice for outdoor, network or sub-surface vault 
installations where an extra margin of safety against explosion and 
fire is required. It is also preferred where protection from adverse 
environmental impact is desired as compared to other dielectric fluids 
such as conventional transformer oil. Outdoor applications, where 
enhanced safety is recommended, include close proximity to build-
ings or valuable equipment, rooftop installations and close proximity 
to pedestrian areas. Types of transformers presently operating with 
the fluid include pole-mounted, pad-mounted, small and medium 

power sub-stations. The fluid-filled transformers are accepted in 
both industry and government. The fluid’s favourable health and 
environmental properties make these transformers a good choice in 
food and pharmaceutical processing plants. Retrofilling transform-
ers filled with conventional transformer oil. The fluid is well-suited 
as a replacement fluid for upgrading the safety margin of fluid-filled 
transformers from environmental and fire safety aspects. It is fully 
miscible with conventional transformer oil, High Molecular Weight 
Hydrocarbons (HMWHs) and most askeral substitutes. Unlike retrofill

The unique environmental, fire safety, chemical 

and electrical properties of Envirotemp FR3 fluid 

are advantageous.

EPA  – Environmental Protection Agency
HMWH  – High, Molecular, Weight, Hydrocarbon
NEC  – National Electric Code
OECD  – Organisation for Economic Co-operation and Development
OSHA  – Occupational Safety and Health Act

Figure 1: Dielectric breakdown strength versus water content for 
mineral oil and Envirotemp FR3 fluid. Top graph shows breakdown 
strength versus absolute water content; bottom shows breaksdown 
strength versus relative water content.
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ing with other less-flammable fluids, the residual transformer oil that 
remains in the transformer typically will not reduce the fire point below 
the NEC minimum of 300 °C. This is true even after full equilibrium has 
been achieved between the replacement fluid and the residual oil in 
the paper. Additional advantages of retrofilling with the fluid include 
high dialectric strength, excellent lubricity, material compatibility, 
and a coefficient of expansion similar to conventional transformer oil. 
The fluid acts as a drying agent for transformer insulation that has 
become wet from ageing; this property helps extend the useful life of 
the transformer insulation system. The fluid does not cause foaming 
in transformer oil like trace amounts of silicone oil can under vacuum 
degasification. Nor does it cause paint adhesion problems or form the 
carbon the carbon silicates during switching that can lead to a severe 
reduction in dielectric strength.

Loadbreak switching devices

Excellent dielectric strength retention, lubricity, essentially non-
coking, and a very low gassing tendency make the fluid an excellent 
loadbreak switching medium at temperatures above -10 °C. Proven 
applications include new and retrofilled sectionalising switches, and 
transformers with loadbreak accessories such as bay-o-net fusing, 
on-off switches, sectionalising switches and Vacuum Fault Interrup-
tion devices. Owing to viscosity differences compared to conventional 
transformer oil, suitability of each application should be reviewed 
by the equipment manufacturer – particularly for very low, ambient 
temperature installations.

Conclusion

Since the energisation of prototypes in 1996, hundreds of fluid-filled 
distribution transformers and equipment have been installed, ac-

cumulating centuries of unit years of reliable field service. Their 
performance and fire safety record has been flawless. In addition to 
new transformer application, conventional transformer oil-filled units 
have also been successfully retrofilled and operated with Envirotemp 
FR3 fluid. All units have maintained a long term fire point well in 
excess of 300 °C. The monitoring of operating fluid-filled transform-
ers, including the earliest prototypes, has demonstrated the fluid 
to be exceptionally stable. Dissolved gas analysis has proven to be 
functional for transformer preventative maintenance.
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Figure 3: Flash and fire points versus mineral oil content.

Figure 2: Water saturation versus temperature for mineral oil and 
Envirotemp FR3 fluid.
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