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MIDEL ester transformer fluids are made by M&I Materials, 
a British manufacturing company whose roots can be 
traced back to 1901. M&I Materials exports to more than 70 
countries around the globe from our Manchester, UK base; we 
also have an expanding network of international offices and 
production facilities across the Americas, Africa, Middle East, 
Europe and Asia Pacific. 

The company has been producing MIDEL ester transformer 
fluids since the 1970s, and manufactures MIDEL in the UK, 
USA and South Africa. MIDEL is acknowledged as the world’s 
leading brand of ester-based dielectric fluids, chosen by 
utilities and transformer manufacturers worldwide because 
of its excellent track record and ability to effectively mitigate 
risk.

The push to replace Polychlorinated Biphenyls (PCBs) in 
transformers was a key driver for the launch of MIDEL, 
which was patented and first deployed in the late 1970s 
(retrofilling a transformer in a British Steel facility). The 
toxicity issues related to PCBs meant the industry was 
looking for a dielectric fluid that was safer to handle. MIDEL 
delivered that solution, in addition to the further benefits of 
fire safety, biodegradability and moisture tolerance. MIDEL 
also offers tangible advantages in terms of reduced total 
cost of ownership and reinforcing Environmental, Social, and 
Corporate Governance (ESG) credentials.

There are three MIDEL ester fluids: MIDEL 7131 (synthetic) is 
a robust fluid for transformers in mainstream applications and 
also in cold climates, with its exceptional -56°C pour point. 
MIDEL eN 1204 (rapeseed/canola) operates in temperatures 
as low as -31°C, and soybean based MIDEL eN 1215 has a 
pour point of -18°C. These different pour points can help 
transformer owners choose the ester fluid that will work 
best given the transformer’s ultimate location and operating 
environment. All MIDEL fluids are K-class (=>300°C) and fully/
readily biodegradable.

Since the 1970s we have been assisting utilities and other 
end users in retrofilling projects across the globe. 

One main benefit of using natural and synthetic esters 
is that they can be used to replace mineral oil in existing 
transformers (retrofilling). The main reason for retrofilling 
is often a demand for increased fire safety in an existing 
transformer. However, the added benefits of biodegradability 
and solid insulation protection are soon acknowledged. 
Retrofilling is a proven solution that can be performed on-site, 
thus allowing transformers and networks to be upgraded to 
meet the growing demands placed on them.
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Retrofilling is the process of replacing mineral oil in a 
transformer with MIDEL ester fluid. This document answers 
the most common questions we receive about the process 
- our aim is to help companies understand the benefits of 
retrofilling with MIDEL ester fluids, and also to share valuable 
technical insights. In doing so we hope to help them to make 
risk mitigation, environmental, operational and investment 
decisions with greater confidence.

[ WHY RETROFILL A TRANSFORMER? ]

There are various reasons for power and distribution 
transformer retrofilling, ranging from addressing an urgent 
need on a single asset, to rolling out a network-wide program. 
However, each transformer has unique operational factors 
that influence the situation such as load, asset design, 
age, location, and environment - all factors that need to be 
considered in the planning process.

Mitigating risk is the most common reason for retrofilling 
mineral oil filled transformers with an FM Approved ester 
fluid. Synthetic and natural esters like those from MIDEL can 
deliver significantly reduced risk with minimal CAPEX and 
OPEX. 

Often a key driver for retrofilling is the desire to reduce the 
risk of collateral damage. This in turn can lead to other cost 
savings such as enabling fire mitigation equipment to be 
removed from service, eliminating maintenance, and avoiding 
CAPEX on costly site works such as fire walls or transformer 
relocation.

Retrofilling with MIDEL also protects the environment, helping 
end users meet sustainability requirements.

When retrofilling mineral oil filled transformers with a natural 
ester or synthetic ester fluid there are additional financial 
incentives that support a positive return on investment. This 
is due to the unique capabilities of ester fluids and their 
performance in transformers, often resulting in cost savings 
without sacrificing reliability. The next page explains this in 
more detail.
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Ester fluid retrofills can be financially justified based on just one of the factors 
below. When multiple factors are evaluated together, they create a very compelling 
business case for retrofilling with MIDEL.

THE BENEFITS OF RETROFILLING WITH MIDEL:

FIRE SAFETY
reduced risk because of a much higher fire 
point and flash point

SAFETY COMPLIANCE
meet fire codes, satisfy insurance audits, 
reduce clearances, remove fire walls & deluge 
systems

ENVIRONMENTAL IMPACT
strengthen environmental credentials and 
facilitate policy compliance

SPILL REMEDIATION
simplified and less costly long term  
bio-remediation and containment

OIL QUALITY
no breakdown sludge and no sulfur corrosion 
issues

LIFE EXTENSION
significantly beyond what is 

possible with mineral oil

INSURANCE SAVINGS
major insurers often recommend retrofilling 

transformers with MIDEL

OVERLOAD CAPABILITY
gain increased safe overload

REDUCE MOISTURE
lower water content in solid insulation

PCB CONCENTRATION
replace hazardous fluid

$
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[ DOES RETROFILLING MAKE FINANCIAL 
SENSE? ]

Retrofilling mineral oil filled transformers with ester fluids 
can deliver a positive return on investment. Some of the 
contributing factors include:

• Extend the life of the paper insulation system

• Fire mitigation equipment can be removed from service, 
eliminating some maintenance expenses

• Costs incurred to remediate future spills may be reduced

• Reduced risk of dielectric failure caused by bubble 
formation during overload

• Reduced risk of collateral damage to other equipment by 
avoiding transformer fluid pool fire

• Avoid capital expenditure on costly site works, such as fire 
and blast walls

Many mineral oil filled transformers are being pushed beyond 
nameplate rating even though the exact condition of their 
cellulose insulation is unknown. Such practices accelerate the 
ageing of the paper insulation, potentially hastening end of 
life conditions. 

Fortunately, replacing mineral oil with MIDEL ester fluid 
(retrofilling) is a cost-effective way to slow the thermal 
ageing rate of insulation, enabling increased load-ability of 
transformers.

[ SYNTHETIC OR NATURAL - WHICH TYPE OF 
ESTER FLUID SHOULD I USE? ]

Synthetic esters have been successfully used in retrofilling 
oil-filled transformers since the 1970s (natural esters have 
been deployed in retrofilling since the 1990s). Comparing 
these fluids reveals the full extent to which MIDEL esters offer 
a much higher performance level than mineral oil.  

MIDEL ester fluids provide the crucial combination of K-Class 
(fire point >300°C), fire safety (less flammable fluid) and 
biodegradability – properties that are absent in mineral oil. 
They also have the ability to provide asset life extension.

The MIDEL ester range comprises MIDEL 7131 (synthetic 
ester), and two natural ester fluids made from renewable 
base oils from different seed crops: MIDEL eN 1204 
(rapeseed/canola) and MIDEL eN 1215 (soybean). All MIDEL 
fluids are fully/readily biodegradable.
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 MIDEL 7131 synthetic ester fluid 
MIDEL 7131 is the premier ester transformer fluid. Its fire safety, biodegradability and high 
performance provides all the benefits of ester technology in an extremely robust formulation. It 
is the fluid of choice when the performance demands on the transformer are higher, especially if 
located in a cold climate (it has a pour point of -56°C) or when there is a risk of contact with air.  In 
addition to being widely used for distribution and power transformers, MIDEL 7131 is also ideal 
for high temperature, breathing type equipment. It has a long track record in demanding sectors 
such as wind power, mining, trains and traction, hydro power, sub-sea and solar power. 

 MIDEL eN 1204 natural ester fluid – rapeseed/canola
MIDEL eN 1204 is formulated from rapeseed/canola oil and is a cost-effective, fire safe and 
biodegradable fluid. Like all natural esters, it is ideally suited to sealed distribution and power 
transformers. This rapeseed/canola ester is suitable for use in all climates and has superior 
oxidation characteristics compared to soybean-based ester fluids. In addition, MIDEL eN 1204 is 
better suited to colder climates, with its pour point of -31°C.

 MIDEL eN 1215 natural ester fluid - soybean
MIDEL eN 1215 is a natural ester dielectric liquid designed to provide an alternative to mineral 
oil, silicone liquid and dry-type transformers. It has a pour point of -18°C and a high fire point, 
significantly increasing the fire safety of transformers and reducing the need for fire protection 
equipment. Sustainably sourced from soybean crops and readily biodegradable, MIDEL eN 1215 
avoids environmental damage should leakage occur and enables reductions in containment 
measures.

MIDEL ESTER TRANSFORMER FLUIDS
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CASE STUDY

PROJECT: Business continuity for chemicals giant  |  Germany

ESTER TYPE: MIDEL 7131 synthetic ester

[ OVERVIEW ]
OXEA, part of the Oman Oil Company, is a leading chemicals 
manufacturer with operations around the globe. Its specialist 
products are used in the manufacture of high-quality coatings, 
lubricants, cosmetics, pharmaceutical products, printing inks 
and plastics.

In 2017, OXEA’s manufacturing plant in Oberhausen, Germany 
was undergoing a review of its internal electrical supply 
infrastructure. Included in the review were two on-site 
distribution transformers used to deliver electricity to part of 
the plant’s manufacturing operations.

The use of potentially flammable mineral oil in these 
transformers, located in close proximity to the manufacturer’s 
volatile chemical products and ingredients, presented OXEA 
with a clear challenge – how to make the plant safer and 
strengthen its business continuity strategy.

MIDEL name plates attached to transformers
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[ SITUATION ]
The transformers at the OXEA plant contained mineral oil that served as an 
insulating and cooling fluid. The project managers involved quickly determined 
that replacing the mineral oil with MIDEL 7131 ester transformer fluid (a process 
called retrofilling) could deliver a number of benefits that reinforced the company’s 
approach to safety and business continuity.

So how does a transformer fluid make such a difference?

Fire safety – ester fluids have a much higher flash and fire point than mineral oil. 
Replacing mineral oil in a transformer will greatly enhance fire safety, especially in 
populated, sensitive or manufacturing-intensive areas. The cost of retrofilling for 
fire safety reasons is often less than the cost of installing or upgrading fire safety 
systems for insurance purposes.

Environmental protection – ester fluids such as MIDEL are officially classified as 
readily and fully biodegradable and considered to be much more environmentally 
friendly than mineral oil.

[ RESULT ]
After retrofilling of the OXEA transformers, a MIDEL nameplate was attached to each 
transformer, as a sign of OXEA’s commitment to protecting its people and property.

Barry Menzies, global managing director for MIDEL ester fluids, commented “We are 
increasingly working with companies who are looking for a way to effectively deliver 
their corporate social and environmental responsibilities. The OXEA installation 
demonstrates how MIDEL is often used to help guarantee business continuity in 
high-risk environments”.

MIDEL ester transformer fluids have been proven in thousands of similar high-risk 
environments where a zero-compromise approach is necessary, such as oil & gas 
platforms, factories, hospitals, distilleries, nuclear facilities, mines and underground 
rail networks.

“We manufacture a range of volatile, chemical 
products that are widely used across the globe. 
Safety is critically important to us – a fire in this 
plant could be catastrophic for our people, facility 
and assets. We immediately saw the value of using 
ester transformer fluids as a way to protect our 
people and the environment and so further reinforce 
our business continuity strategy”
 
Dr. Ina Werxhausen 
Global Business Director, OXEA

Using MIDEL ester fluids directly supports key UN Sustainable Goals:

For more MIDEL case studies visit: www.midel.com/case-studies 

CASE STUDY
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[ WHICH TRANSFORMER FLUIDS ARE 
COMPATIBLE AND MISCIBLE WITH MIDEL 
ESTER FLUIDS FOR RETROFILLING? ]

Miscible: Mineral oil, less flammable hydrocarbon 
Not miscible: Silicone oil

Retrofilling of a silicone filled transformer with an ester-
based fluid needs very careful consideration, since the two 
types of fluid do not mix.  Generally, retrofilling of silicone 
filled transformers is not recommended, but if the user must 
exchange the fluid then please contact our technical team for 
further guidance.

Residual mineral oil after retrofill can have an impact on the 
fire point of ester-based fluids.  As a general guideline the 
following limits should be applied to maintain the fire point 
above 300°C:

• MIDEL 7131   < 3.5% mineral oil 
• MIDEL eN 1204   < 7% mineral oil
• MIDEL eN 1215   < 7% mineral oil

[ CAN I USE MIDEL FLUIDS IN BREATHING 
TRANSFORMERS? ]

There are a range of MIDEL fluids to suit all types of 
transformer preservation systems.  

For breathing transformers, we recommend the use of 
MIDEL 7131 which has a high level of oxidation stability. 

For sealed transformers MIDEL 7131, MIDEL eN 1204 and 
MIDEL eN 1215 can be used. Typical transformer designs 
meeting the sealed classification include:

• hermetically sealed design with expandable radiators/
corrugated tanks

• oil conservator design or retrofitted with a bladder/
diaphragm/air seal, and

• designs with nitrogen or air head spaces incorporating 
pressure relief devices
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[ WHEN IS OXIDATION A CONCERN? ]

Natural esters have a much lower level of oxidation stability 
than other liquids. If exposed to oxygen for a prolonged 
period they can increase in viscosity (see chart on this page). 
This can reduce the cooling efficiency of the transformer, 
leading to an increase in operating temperature. For this 
reason, natural ester-based fluids are not recommended for 
breathing type transformers, where the liquid is continuously 
in contact with oxygen. 

For free breathing transformer applications, we recommend 
MIDEL 7131.

[ WILL MIDEL FLUIDS HEAL EXISTING 
PROBLEMS IN A TRANSFORMER? ]

Degradation of the solid cellulose insulation in transformers 
(insulation ageing) is irreversible.  While ester transformer 
fluids cannot regenerate insulation materials, they can 
”dry out” a wet transformer because of the fluid’s ability to 
attract and capture H₂O molecules. Ultimately, retrofilling 
transformers with MIDEL fluids can have a positive impact on 
the issue of paper ageing, delivering:

• Longer life for cellulose insulation at standard 
temperatures

• The possibility of increasing the asset’s load capacity 
after detailed analysis of the design and condition of the 
transformer

ASTM D2112: 
Rotating Bomb Oxidation Test (RBOT) results for different dielectric fluids
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[ WHICH DIELECTRIC FLUIDS 
CLASSIFICATIONS ARE IMPORTANT TO 
UNDERSTANDING TRANSFORMER FIRE 
SAFETY? ]

IEC 61039 identifies “less flammable fluids” as K-class liquids 
having a fire point greater than 300°C.

According to IEC 61936 transformers filled with K-class fluids 
can have reduced fire protection measures. In addition, 
certifiers such as FM Global identifies “less flammable liquids” 
as having fire point >= 300°C. Thus MIDEL fluids are “less 
flammable transformer fluids”. 

Using a high fire point fluid significantly reduces the chance 
of a pool fire (there has never been a MIDEL transformer fire 
reported since MIDEL 7131 was introduced in the 1970s). 
The fire points of MIDEL fluids compared to mineral oil are 
illustrated below:

[ HOW DO MIDEL FLUIDS PERFORM IN THE 
COLD? ]

There are a range of MIDEL fluids to suit various climatic 
conditions.  The performance of each fluid under cold 
climate conditions can be characterised by the pour point. 
Transformer cold start procedures depend on the liquid 
type and temperature (users can refer to IEEE C57.93 for 
guidance).

Similar to other soybean based natural esters, the pour point 
of MIDEL eN 1215 is around -18°C, meaning that enhanced
engineering controls and equipment may be needed for the 
coldest climate locations, e.g. heat tracing on conservator 
pipes. 

This requirement reduces with rapeseed/canola-based 
MIDEL eN 1204 which has a lower pour point of -31°C. For 
colder climates, we recommend synthetic ester MIDEL 7131 
with its low pour point of -56°C.

MIDEL eN 1215
  (soybean)

MIDEL eN 1204
(rapeseed/canola)

MIDEL 7131
(synthetic)

-18OC-31OC-56OC
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[ WHAT HAPPENS TO THE PERFORMANCE 
OF MIDEL FLUIDS WHEN THEY ABSORB 
MOISTURE? ]

Ester fluids can absorb large amounts of moisture with no 
reduction of breakdown voltage (compared to mineral oil). 
They have a higher saturation point – and are more tolerant 
of water – than mineral oil. A comparison of the saturation 
curves of different fluids is shown below.

Water moves between the solid insulation and fluid trying 
to reach equilibrium in terms of relative saturation.  Paper 
produces water as a by-product of thermal ageing, which acts 
as a catalyst for continued degradation.

Because mineral oil has a very low saturation limit, more 
water stays in the paper. Since ester fluids have much higher

saturation limits, more water can migrate into the fluid, thus 
having a positive effect on paper ageing rates. 

Laboratory experiments have demonstrated that cellulose 
materials immersed in ester-based liquids will age more 
slowly than those immersed in mineral oil.

Information on the enhanced ageing of cellulose can be found 
in IEEE C57.154 and IEC 60076-14, including an ageing curve 
which indicates that ester transformers can run hotter than 
mineral oil transformers for the same lifetime.

Alternatively, when run at standard temperature, a 
transformer can have a longer lifetime with MIDEL ester fluid.

TUP in Mineral Oil

TUP in Natural Ester

 Retrofilling with MIDEL - your questions answered  | 13
BACK TO QUICK LINKS HOME   



[ IF MIDEL FLUIDS HAVE HIGH ACID LEVELS, 
HOW DO I RECONDITION MY FLUID? ]

Mineral oil: ageing by-products are short chain and 
long chain acids. Short chain acids can catalyse paper 
degradation. 

MIDEL fluids: ageing by-products are longer chain acids, not 
harmful to paper insulation. 

Because of hydrolysis (the consumption of H2O and 
production of non-water soluble long-chain acids) MIDEL 
fluids can have higher in-service acid numbers than mineral 
oil. However, being longer chain the acids produced will not 
dissolve in water and will stay dissolved in the ester. The 
shorter chain acids from mineral oil are water soluble, and 
will transfer to the paper and catalyse the ageing of the solid 
insulation.

MIDEL fluids can be processed using common equipment 
used for mineral oil. Such materials and processes, including 
reconditioning (via degassing) can be applied to MIDEL fluids.

[ CAN I PERFORM DGA ON MIDEL FLUIDS? ]

This issue is addressed using much the same oil sampling 
and analysis methods you would use for mineral oil. The 
gasses esters produce during electrical and thermal faults 
are the same as for mineral oil, but the quantities and relative 
amounts are slightly different. 

A lot of the advice provided for DGA with mineral oil still 
holds true with esters. It is best to look at trends of results, 
rather than one off measurements and if possible, fleets of 
transformers should be compared to each other. 

IEEE C57.155-2014 is the ester dielectric fluid dissolved 
gas analysis standard. MIDEL has a guide to dissolved gas 
analysis for ester fluids, which addresses questions such as:

• How do mineral oil DGA methods differ to ester fluid 
methods?

• What should I expect when I see a DGA report for an ester 
fluid?

• How can I properly analyse DGA results for ester fluids?

For guidance on DGA of MIDEL filled transformers, please 
contact the MIDEL tech team.
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[ WHAT ABOUT STRAY GASES? ]

All transformers produce stray gases during normal 
operation. Natural ester fluids produce different stray gases, 
primarily ethane, compared to mineral oil or synthetic ester 
fluid. These stray gases have been shown to be predictable 
and of no concern. MIDEL 7131 produces hydrogen gas as a 
stray gas - similar to mineral oil. 

[ WHAT IS THE POWER FACTOR OF MIDEL 
FLUIDS? ]

Power factor is the ratio of resistance current to capacitance 
current in an insulation system.  In new mineral oil 
transformers power factor is used to determine the level 
of insulation dryness.  For operating transformers, changes 
in power factor can indicate increased levels of moisture 
or other contaminants in the insulation system.  There are 
several variables that impact power factor measurements, 
even for new, essentially dry uncontaminated units, including:

• the ratio of solid to fluid insulation
• the type of dielectric fluid
• winding design
• temperature at time of measurement

Understanding MIDEL Power Factor 
The dielectric dissipation factor of ester-based liquids is higher 
than that of mineral oil, due to the polar chemical structure of the 
ester.  This in turn leads to higher power factor values for clean, 
dry insulation than would normally be seen with mineral oil. 

For specific information on power factor as it applies to MIDEL 
ester transformer fluids, please contact the MIDEL technical team 
at mideltech@mimaterials.com
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[ WHAT ARE THE MOST IMPORTANT STANDARDS AND GUIDES RELATING 
TO MIDEL LIQUIDS? ]

Standard / Guide MIDEL 7131
(synthetic)

MIDEL en 1204
(canola / rapeseed)

MIDEL eN 1215
(soybean)

Comment

International:

ASTM D6871 Compliant

IEEE C57.147-2018 Compliant

IEC 60076-14 Allow hotter running sustainable overloading, extended transformer lifetime

IEC 61039 Fully biodegradable, K3 classified

IEC 61039 Fully biodegradable, K2 classified

IEC 62770 Compliant

OECD 301 Readily biodegradable

Underwriters Laboratory UL® Classified – EOUV Dielectric Medium 

IEEE C57.155-2014 Analyze DGA data of transformer fluids

IEEE C57.154
Standard for the Design, Testing, and Application of Liquid-Immersed 
Distribution, Power, and Regulating Transformers Using High-Temperature 
Insulation Systems and Operating at Elevated Temperatures

IEEE 1276 Guide to allow design of elevated temperature transformers

IEC 61936
Approved less-flammable transformer fluids and smaller/reduced transformer 
footprint

IEC 61099 Compliant

IEC 62975
Highlights limits for properties of natural ester liquids in in-service 
transformers

IEC 61203
Highlights limits for properties of synthetic ester liquids in in-service 
transformers

CIGRE Brochure 771 Guide for DGA interpretation

FM Global Approved less-flammable transformer fluids

NFPA 70 All MIDEL esters are compliant to NEC 450.23 “Less-flammable liquid”

IEEE 979 “Less flammable liquid”
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Standard / Guide MIDEL 7131
(synthetic)

MIDEL en 1204
(canola / rapeseed)

MIDEL eN 1215
(soybean)

Comment

Americas:

USDA Biobased (USA) Certified

Europe:

REACH Registration Compliant

REACH Registration Exempt

SGS BASEEFA ATEX Certification

Asia-Pacific:

BIS 1180 Pt 2 (India) Compliant

BIS 13503 (India) Compliant

BIS 16559 (India) Compliant

BIS 2026 Pt 14 (India) Compliant

BIS16081 (India) Compliant

DL 1811-2018 (China) Compliant

GB/Z1094.14-200X/IEC/TS 60086-14;2009 
(China)

Compliant

NB/SH/T 0945-2017 (China) Compliant

SNI 0225-5-521 (Indonesia)
Approved less-flammable transformer fluids with smaller/reduced 
transformer footprint

AS 2067 (Australia)
Approved less-flammable transformer fluids with smaller/reduced 
transformer footprint

[ WHAT ARE THE MOST IMPORTANT STANDARDS AND GUIDES RELATING 
TO MIDEL LIQUIDS? ] cont.
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CASE STUDY

PROJECT: Rural substation retrofill saves $500k  | Australia

ESTER TYPE: MIDEL 7131 synthetic ester

[ OVERVIEW ]
At a rural substation in the Central Highlands of Australia, a 
regional network operator deployed MIDEL 7131 synthetic 
ester transformer fluid - and by doing so saved half a million 
dollars in civil works.

Ergon Energy Networks in Australia supplies electricity to more 
than 750,000 customers across an operating area comprising 
over one million square kilometres – around 97% of the state 
of Queensland – from the coastal and rural population centres 
to the remote communities of the region’s Central Highlands. 
Ergon prides itself on safely delivering secure, affordable and 
sustainable energy solutions to its customers.

Central Highlands, Queensland
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CASE STUDY

[ SITUATION ]
At Ergon’s Comet substation, approximately 300 km west of Rockhampton, an 
engineering review led to the existing transformer being slated for retrofilling. The 
unit, rated at 66/22 kV, 6.3 MVA, had been in operation for ten months, using mineral 
oil as the insulating fluid. The immediate advantages of using MIDEL 7131 were clear:

• >300°C fire point
• Fully/readily biodegradable
• High oxidation stability
• Superior moisture tolerance (protecting the transformer’s solid insulation  
 and thereby extending its lifetime)

But the economic advantages were also clear, as explained by the project manager, 
Steven Lowry: “Comet substation is very small, and if we were to install a traditional 
oil containment system, it would require us to expand the site and that would be a 
really expensive exercise.”

[ RESULT ]
MIDEL 7131 was deployed, and the retrofilling was completed with a minimum of 
disruption to the substation operations. 

Steven Lowry continued with his assessment of the project and how MIDEL delivered 
tangible financial benefits: “We are using an earthen bund arrangement that directs 
the ester to an oil separation tank, and that has resulted in a saving of approximately 
half a million dollars on this project. This means we can realistically look at doing 
something similar at some of our other rural substations, and we can do it in a much 
more environmentally responsible and safe way that delivers value for our customers.”

“If we were to install a traditional oil containment 
system, it would require us to expand the site 
and that would be a really expensive exercise... 
the earthen bund directs the ester to an oil 
separation tank, and that has resulted in a saving of 
approximately half a million dollars on this project.”
 
Steven Lowry 
Ergon Energy Networks Manager, Capricornia West

Using MIDEL ester fluids directly supports key UN Sustainable Goals:

For more MIDEL case studies visit: www.midel.com/case-studies 

 Retrofilling with MIDEL - your questions answered  |  19BACK TO QUICK LINKS HOME   

http://www.midel.com/case-studies


[ ARE MIDEL FLUIDS COMPATIBLE WITH ALL 
TRANSFORMER MATERIALS? ]

As a rule, components and materials used in mineral oil 
transformers are also compatible with MIDEL fluids. The 
MIDEL technical team has compiled a study based on 
thorough testing and research, which they continuously 
update. The compatible and incompatible materials lists 
produced incorporates a wide range of materials and 
components commonly used in transformers. 

For more information regarding compatibility visit: 
midel.com/technical-library/

In all cases the user should confirm the suitability of any 
material to be used in equipment with MIDEL ester fluids. 
When investigating the compatibility of a material or product, 
ask the vendor or transformer manufacturer if they have 
conducted compatibility tests.  

For Gaskets:
MIDEL recommends good maintenance practices - by the 
time a transformer is identified as a retrofill candidate, it has 
most likely been in operation for several years. The condition 
of the gaskets likely includes wear and tear (swelling from 
contact with oil) and mechanically set (it has taken a ‘set 
shape’, dried out and cracked). If untouched, gaskets may 
survive without incident. However, during retrofilling it is likely 
gaskets will be touched, either physically or indirectly; for this 
reason, we recommend that gaskets be changed during this 
process.

For Tap Changers:
MIDEL fluids are approved for use with a range of tap 
changers from industry leaders such as MR and ABB. For 
more information on tap changer compatibility, including 
other brands of tap changer, contact the MIDEL technical 
team.
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[ CAN I USE MIDEL FLUIDS TO RETROFILL 
TRANSFORMERS AT HIGH VOLTAGES? ]

For retrofilling, it depends upon the voltage rating. MIDEL 
fluids are approved for use at transmission voltage levels by 
several leading OEMs (MIDEL 7131 has been used for multiple 
projects at over 400 kV and in mobile test equipment up 
to 500 kV). In common with other ester-based fluids, some 
design adjustment may be needed for higher voltage levels 
due differences in permittivity and dielectric performance. 

The following outlines our approach to considering a 
transformer as a retrofilling candidate:

*DT - Distribution Transformers,  PT - Power Transformers

 
Transformer checks to confirm suitability include previous 
oil results (i.e. DGA, ideally 2 results prior to retrofill) and also 
Furan analysis for indication of paper condition. 

Retrofilling with any ester fluid will not repair degraded paper 
insulation, but it will prevent longer term deterioration and 
help prolong asset life.  

[ IS INTERFACIAL TENSION A MEANINGFUL 
PROPERTY FOR MIDEL FLUIDS? ]

Interfacial Tension (IFT) is routinely used as an indicator of 
polar contaminants in mineral oil and can be directly related 
to oil condition.  For ester-based fluids IFT is less sensitive to 
polar contaminants and not so useful for aging assessment. 
The reason is that ester-based fluids have a slightly polar 
molecular structure, giving them a lower IFT when new than 
mineral oil.  The value of IFT is also less affected by polar 
contaminants and the difference between a new ester and an 
aged ester is smaller than it would be for mineral oil. 

Currently none of the ester standards for synthetic or natural 
esters place specification limits on the value of IFT. 
IEC 62961:2018 provides some guidance for measurement 
of IFT in both mineral oils and ester-based liquids, but so far 
acceptance limits for in-use liquids are not established.

The MIDEL technical team recommends using acid value 
and dissipation factor for the monitoring of MIDEL fluids in 
service.

DT/PT* IEC kV IEEE kV M&I Materials Position

DT < 33 kV < 34.5 kV No foreseen issues

PT ≥ 33-66 kV > 34.5 - 69 kV
Review nameplate;  evaluation 
recommended for helical winding designs, 
disc type windings, tap changers

PT > 66-170 kV > 69 - 138 kV
Verification of leads & winding assembly 
recommended, ideally including dielectric 
design.

PT

>170 kV

> 138 - 230 kV

Verification of leads & winding assembly 
recommended, ideally including dielectric 
design. Load Profile and years in service 
should be taken into consideration

PT > 230 kV
Applications should be considered R&D 
projects, requiring detailed design review 
and possible modifications
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[ WHAT ARE THE KEY ASPECTS OF 
HANDLING MIDEL ESTER FLUIDS? ]

Depending on their condition MIDEL fluids can be 
reprocessed and reclaimed using similar equipment and 
methods to mineral oil.

• High moisture content: vacuum filtration or treatment with 
absorbents such as zeolites 

• High acid value: treatment with absorbent material

Like all natural ester fluids, if the viscosity of MIDEL eN 1204 
or MIDEL 1215 has increased by more than 20% from the 
starting value then it cannot be reclaimed and should be sent 
for disposal – either through recycling or incineration for heat 
recovery. Used MIDEL natural ester fluids can be fed into 
recycling streams for other used vegetable oils, to produce 
products such as biodiesel, oils, lubricants and soaps. 

[ WILL RETROFILLING FROM MINERAL OIL 
TO MIDEL CAUSE A TRANSFORMER TO BE 
DERATED? ]

Distribution transformers:  unlikely 
Power transformers: an assessment may be required 

For distribution transformers there is unlikely to be any 
need to de-rate the unit after retrofilling.  Due to the higher 
viscosity of MIDEL fluids the transformer may run a few 
degrees hotter, but this is offset by the enhanced paper 
lifetime provided by an ester fluid. For transformers in excess 
of 72.5 kV a more in-depth assessment may be needed to 
determine the temperature rise change. 

Example - if the transformer specification reads ‘55 AWR’ 
and the mineral oil filled unit was factory tested at 54 AWR, it 
may be the position of the manufacturer that the transformer 
would exceed the temperature rating.

However, this is more than offset by the slower paper aging 
and MIDEL’s enhanced thermal capabilities.  As indicated 
in IEC 60076-14 and IEEE C57.154 ester-based liquids can 
operate at a higher temperature than mineral oil for a 
given paper lifetime.  Taking into account this slower paper 
aging, there is no need to de-rate a retrofilled distribution 
transformer, even if the operating temperature increases.
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[ ARE THERE ANY EXTRA STEPS OR MEASURES NECESSARY 
WHEN RETROFILLING WITH MIDEL? ]

There are four main steps to follow to retrofill transformers with ester fluids, as follows:

1.  Set up retrofilling plant

» Follow site procedures and risk assessments
» Ensure transformer is fully de-energised and grounded
» Perform site inspection and complete safety handover

2.  Reduce mineral oil content as much as possible

» Connect pumps and hoses
» Ensure all pumps, lines and hoses are bonded and earthed
» Pump the mineral oil from the transformer to the waste container/s
» Rinse core and windings with heated ester fluid
» Allow time for the tank to fully drain, pumping out any remaining mineral oil

» Use heated fluid to lower viscosity
» Use dedicated filters, hoses and pumps to prevent contamination

4.  Test and nameplate

» Perform safety inspection and complete handover
» Take fluid sample to conduct appropriate testing
» Affix MIDEL nameplate as confirmation that the transformer has been retrofilled.

3.  Refill using new ester fluid

 Retrofilling with MIDEL - your questions answered  |  23BACK TO QUICK LINKS HOME   



CASE STUDY

PROJECT: Retrofill at Ethylene Plant delivers 50% savings | USA

ESTER TYPE: MIDEL eN 1204 natural ester (rapeseed/canola)

[ OVERVIEW ]
When Southern Power Systems, a MIDEL Service Partner with 
operations throughout the Gulf Coast states in the USA, was 
consulted on performing a transformer retrofill at an ethylene 
manufacturing plant in Louisiana, the company saw an ideal 
opportunity for using MIDEL eN 1204 natural ester transformer 
fluid.

The transformer in question, a Westinghouse 1500 KVA unit, was 
used to supply power into the facility’s wastewater treatment 
plant. The transformer was situated in a remote part of the site, 
close to a wooded area where any mineral oil spill would cause 
significant environmental problems; but this was not the only 
reason a natural ester fluid was deployed. Wastewater treatment inspection
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[ SITUATION ]
Bruce Waguespack Jr, Maintenance & Field Services Manager at Southern Power 
Systems, explained “When we look at a retrofilling situation, we think beyond the 
immediate issues of how to handle the mineral oil in the legacy transformer. With our 
experience of ester transformer fluids, we can often identify areas of cost savings 
that otherwise might be overlooked.”

In this case, the technical team advised that the cost of re-processing the mineral 
oil currently in the transformer would prove to be too expensive, considering all the 
equipment and processes needed. The alternative option of replacing the unit with a 
new transformer would be even more costly.

[ RESULT ]
Retrofilling with MIDEL eN 1204 (rapeseed/canola fluid) was especially attractive as 
its superior oxidation resistance (compared to soybean ester fluid) allowed easier 
handling and reassurance in the retrofill process for Southern Power Systems.

MIDEL eN 1204 is the premier natural ester transformer fluid. Made from sustainable 
rapeseed/canola oil, it is readily biodegradable, non-toxic and is FM and UL approved. 
Its fire safety and environmental credentials can enable reductions in containment 
measures. The fluids main advantages include:

• >300°C fire point
• Fully/readily biodegradable
• High oxidation stability
• Superior moisture tolerance (protecting the transformer’s solid insulation  
 and thereby extending its lifetime)

For commercial and industrial large power users, MIDEL ester transformer fluids 
deliver fire safety, environmental protection, and superior moisture tolerance. 
In addition, using MIDEL can also result in reduced maintenance costs, reduced 
insurance premiums and in the case of retrofilling an existing transformer, the 
avoidance of capital expenditure.

“Our customer was able to extend the life of 
the existing transformer, with a 50% saving over 
alternative actions and with significantly less 
downtime. Retrofilling with MIDEL eN 1204 delivered 
the life extension, fire safety and environmental 
protection mandated by the customer.”
 
Bruce Waguespack Jr
Maintenance & Field Services Manager, Southern Power Systems

Using MIDEL ester fluids directly supports key UN Sustainable Goals:

For more MIDEL case studies visit: www.midel.com/case-studies 
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[ WHO SHOULD I CONTACT TO UNDERTAKE 
RETROFILLING OF MY TRANSFORMERS? ]

Retrofilling transformers demands a high level of technical 
expertise. We recommend you engage the services of a 
MIDEL Service Partner (MSP) to perform such work. The 
MIDEL Service Partner initiative was developed to build 
a network of experienced oil service and maintenance 
companies to complete the retrofilling of electricity 
transformers. 

The MSP was developed initially in the UK and has now 
expanded into a worldwide network of service partners. 
MIDEL Service Partners (MSPs) are carefully screened and 
receive technical training to ensure they deliver best practice 
in ester fluid retrofilling.

MIDEL Service Partners now deliver retrofilling projects 
across the EMEA, APAC and Americas regions. 

[ SHOULD I CONTACT THE TRANSFORMER 
OEM BEFORE PROCEEDING WITH A 
RETROFILL? ]

If the transformer to be retrofilled is still under warranty, we 
recommend contacting the OEM to sanction the work and so 
retain the warranty’s integrity. However, as most retrofills are 
performed later in a transformer’s life, this situation does not 
often arise. 

However, it may still be advisable to consult with the OEM for 
the following reasons:

• Certain winding designs
• At higher voltage classes, as the differences between 

mineral oil and ester fluids become more significant (see 
retrofilling candidate chart on Page 21)

• Tap changer design / type
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[ ARE ADDITIONAL TECHNICAL SUPPORT DOCUMENTS AVAILABLE? ]

A range of MIDEL technical documents are available to support partners and customers 
considering retrofilling.  

MAINTENANCE GUIDES

MIDEL eN 1204 (canola / rapeseed)

MIDEL eN 1215 (soybean)

MIDEL 7131 (synthetic)

SDS DATA SHEETS

MIDEL eN 1204 (canola / rapeseed)

MIDEL eN 1215 (soybean)

MIDEL 7131 (synthetic)

MOISTURE TOLERANCE DATA SHEETS

MIDEL eN 1204 (canola / rapeseed)

MIDEL eN 1215 (soybean)

MIDEL 7131 (synthetic)

INCREASED FIRE SAFETY DATA SHEETS

MIDEL eN 1204 (canola / rapeseed)

MIDEL eN 1215 (soybean)

MIDEL 7131 (synthetic)

THERMAL PROPERTIES DATA SHEETS

MIDEL eN 1204 (canola / rapeseed)

MIDEL eN 1215 (soybean)

MIDEL 7131 (synthetic)

STORAGE AND HANDLING DATA SHEETS

MIDEL eN 1204 (canola / rapeseed)

MIDEL eN 1215 (soybean)

MIDEL 7131 (synthetic)

MIDEL®

SAFETY INSIDE
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https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1204_Maintenance_Guide.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1215_Maintenance_Guide.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_7131_Fluid_Maintenance_Guide.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1204_SDS.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1215_SDS.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_7131_SDS.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1204_Moisture_Tolerance_Asset_Life_Extension.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1215_Moisture_Tolerance_Asset_Life_Extension.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_7131_Moisture_Tolerance.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1204_Increased_Fire_Safety.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_eN_1215_Increased_Fire_Safety.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_7131_Increased_Fire_Safety.pdf
https://www.midel.com/app/uploads/2018/09/MIDEL_eN_1204_Thermal_Properties.pdf
https://www.midel.com/app/uploads/2018/09/MIDEL_eN_1215_Thermal_Properties.pdf
https://www.midel.com/app/uploads/2018/09/MIDEL_7131_Thermal_Properties.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL-Natural-Ester-Storage-and-Handling-Guide.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL-Natural-Ester-Storage-and-Handling-Guide.pdf
https://www.midel.com/app/uploads/2018/05/MIDEL_7131_Storage_and_Handling_Guide.pdf


[ MORE QUESTIONS? ]

If you have other questions about retrofilling or MIDEL ester transformer fluids, please contact us 
directly via the email addresses below. Alternatively, visit midel.com where you will find in-depth 
technical information, case studies, white papers and downloadable content for MIDEL – the world’s 
leading brand of ester transformer fluids. 
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