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Content:

o Comparing maintenance and life extension ofactive transformers versus buying new ones.

o The growing importance of expertise in maintaining modern power transformers' insulating materials.
o Identifying optimaltimes for cost-effective oil treatment.

o Employing durable oiltechnology for treatment and monitoring oil treatment parameters.

o Necessities like degassing, reclaiming, and dehydration for power transformers.

o MICAFLUID's Best Available Technology (BAT) benefits both environmentaland transformer health.

o Preventing premature transformer aging to significantly exceed manufacturers’expected lifespans.

o Conserving the precious resource of insulating oil
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The balance of acquisition versus preservation
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Acquiring new
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transformers
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transformers
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Oil industry origins and i1its consequences

A

>p

Samuel Kier converted ‘ﬂ . m“‘

petroleum to lamp oil by
distillation. Early 1800=

PETROLEUM FORMATION

World's first industrial oil well in Baku, 1846

Copyright: Original work of authorship
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Presentation Notes
If it weren’t for the discovery of crude oil, whales would have been hunted to extinction for blubber.
Petroleum, also known as crude oil, is a naturally occurring, yellowish-black liquid found in geological formations beneath the Earth's surface. By most accepted theories, petroleum was formed from the remains of ancient marine organisms, such as plants, algae, and bacteria. The petroleum is extracted from the earth and probably is originated from different animals and plants that died millions years ago. 
Although oil was used from ancient times, in Asia mainly, the distillation process was developed by Samuel Kiel at the beginning of 17th century. Then the oil was considered then as one of the most environmentally friendly product because it replaced the whale oil. Despite of its bad reputation, oil is a product of natural origin, as green as other so called non-mineral liquids. 
The crude oil, as all refined products, differ in molecular structure and the impurity atoms from the earth, such as sulphur, nitrogen, oxygen, metals and other inorganic components. 
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Crude o1l composition:

o 84% - Carbon

o 14% - Hydrogen attached to carbons

o 1-2 -Sulfur compounds

o Some Nitrogen present as organic amine

o Some Oxygen attached to carbons, forming organic molecules
such as alcohol

o Some Metals such as Vanadium, Arsenic, Nickel, Iron, Copper.

o Some Chloride Salts
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Large transformers for low voltage and power

1891

INSTALLING STANLEY 60 KV
TRANSFORMERS

= .
i ]
J i

" p——

* Transformer used on the Lauffen to Frankfurt SECOND GENERATION TRANSFORMERS
demonstration line. Stanley ocil filled transformers rated /
at 800V tollkv and 60kv. Replaced

air cooled transformers in 1904

Copyright: Original work of authorship
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Presentation Notes
Advantages of Liquid-filled Transformers. A wet-type power transformer is smaller and more efficient than dry products. Liquid-filled transformers are suitable for indoor use because operating noise is lower. These transformers last longer than dry-type products. Numerous recycling options are available
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Atimeline of insulating liquids for
power transformers

. ] =y New generation of semi &
Naphthenic oil Semi & fully synthetic oils

. 1 _ fully synthetic oils Re-refined mineral
Vegetable oil first originating from mineral originating from mineral oils in new
generation oils. E.g. R-Temp oils, Recycled oils transformers
1900 | 1940 | 1995 y 2010
!
| | ' | ;
N\ 1920 : .y PCB 1980 2005
Parafiinic oil S EIE LT LpRlemiE 1997- Modern stabilized Sulphur corrosion

Natural antioxidants

biodegradable ester oil
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Paraffinic oil was the first one, without any additives. Then the naphthenic oil appeared, and it started to disappear in the nineties, also due to geopolitical reasons. The first generation of soybean oil was developed in the twenties, and the second generation of vegetable oils was developed by a researcher in the USA. Insulating oil is changing from a simple, refined product to a high-tech, highly processed material. The final sophisticated product is also much less versatile in other oil areas such as lube or motor oil. Oxidation stability tests, such as run-in accelerated form in the lab, have shown that oil oxidation stability has decreased over time, in line with the improvements in oil refining. Paradoxically, as the oils have become “purer” by improved refining, vacuum distillation, solvent treatment, hydro-cracking, and hydro-treatment, so the ability of the oil to resist oxidation has dropped. This is due to removing unstable sulfur compounds in the oil that act as “natural inhibitors.” 
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A timeline of insulating mineral oil properties

Transformer oil quality is a compromise between the opposite properties.

Gas absorption

Gas evolution Stability

Refining degree

Electrical properties

Synthetic additives abundance
Synthetic mineral oils

—= Viscosity, aromatics, sulphur,
nitrogen compounds

| | Sulphur |
1995 corrosion 2010
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Mineral insulating oil is a product with many contradictions.
Non-refined oil has a high gas absorption, and modern refined oil has high gas desorption. To improve the gas tendency is a real need for artificial additives. The insulating oil or liquid manufactured in the last years is very different from those manufactured 50 years ago. Not all the properties were indeed improved, and from some aspects, the contemporary insulating oils are inferior compared to the previous products. To mention stability is mainly achieved in our days by artificial additives or the sulfur corrosion that appears in modern oils. Gas absorption properties are also less adequate in the transformer environment. Advanced refining degree decreases the solvency of gases and polar impurities. Modern oils are not classified as naphthenic or paraffinic. Modern oils possess improved electrical properties but have less naphthenic character. And, of course, the stray gas issue that has been one of the industry’s challenges in the past years, as also reflected in the most recent standards. But perhaps it is not the last difficulty for the insulating liquids industry. 
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Different Types of dielectric fluid —

Different liquid treatment approaches

Mineral Oils
| Petroleum
Synthetic Esters
PAOs
Naphthenic Paraffinic
i
HsC B R CHj CH,—O0—C—R é
HiC=S§1 1 S1~=aCH; O R, & OR,
o’ PN 19T\ I e coaobs
- R B CH—O0— C—R VR
- —_n R:Q t:lH2 R
0O i1
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Silicone Fluid CH,—O0—(C—R’ it
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Presentation Notes
Each oil type has its designation , advantages and different cost. Most of each specific liquids demands different transformer design , different internal materials. The liquids tests are different, the results and interpretation should be conducted differently. 
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Transformers power and liter per

voltage through the years

Trends for transformer power in MVA and liter per vs year of manufacture
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The need to transport larger amounts of electricity over longer distances has necessitated higher power, expressed in MVA, and higher voltage levels, expressed in kV. Consequently, the size of transformers has increased exponentially in both power and voltage. Although there has been considerable progress in reducing magnetic core losses, onload losses, and enhancing transformer cooling, the transformers still produce significantly more heat. This heat affects the insulating properties of the insulating matrix, thereby reducing both conducting and insulating capabilities and accelerating the aging of all materials involved. Additionally, the elevated temperature promotes the potential occurrence of various types of corrosion


Cellulose — The Achiles’heel S ICREEID

Laminate Bolts

Supports Paper wrapping

IEEEdefines the end of transformer life after loss of strength in
the cellulose structure.

Paper

wrapping Laminate

Oil flow guides

Press board
spacers
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Presentation Notes
The life of a transformer is governed by the life of the paper insulation.
IEEE defines the end of transformer life as being a 75% loss of tensile strength in the paper.
That’s all very well, but how do we determine when the paper has deteriorated by this amount?
We can remove sections of the paper and test it for it’s tensile strength, but this of course requires an outage an great care in where the sample is removed from and how much is removed.
As cellulose deteriorates it goes through a process of Polymerisation, simply put the molecular structure changes and certain compounds, known as Furans are released into the oil.
This gives us a non-destructive way to assess the overall condition of the cellulose in the transformer as the amount of Furanic compounds and the specific type of Furan is directly related to the degree of Polymerisation of the different cellulose materials in the transformer.
So by sampling the oil we can very accurately measure the Furans and, in combination with other chemical indicators, gain a very good indication of  the general condition of the paper in the transformer.
New Kraft paper has a predicted Degree of Polymerisation, (DP), of around 1200 (this equates to approximately 17,000psi tensile strength) thus when a predicted DP of 200 is reached the transformer needs to be removed from service for detailed examination as it has reached the end of it’s RELIABLE OPERATING LIFE. This stage is reached before the transformer fails and it is critical to identify this condition.

Cellulose is porous, (about 80% air), thus a good deal of the oil fill is held in the cellulose, around 10%.
This fact demonstrates that the Cellulose is absorbent, in other words it acts in the same way that your car oil filter does and actually filters contaminants out of the oil and retains them in the paper.
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Semi-synthetic thermally
upgraded with a higher
stability
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Kraft cellulose Nomex Built-in sensors?
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To extend the life span of the transformer and solid insulation, thermally upgraded paper was introduced. It is made by adding stabilizers that improve its temperature stability and reduce thermal degradation. The OH groups in the cellulose will link to the cyanoethyl-ether groups through this process, as shown in the figure. Another method is to add weak organic bases such as diamide, urea, or melamine during the manufacturing processes to consume water and neutralize acids produced by oxidation of oil and paper.
 The solid transformer insulation is made from special kraft cellulose. It mainly provides mechanical strength and an adequate distance between the adjacent coils and winding. A transformer’s operational life is in line with the ability of cellulose to provide those properties.
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Water and air are controllable and reducible factors for preventing failures in transformers

Diverse types of
energies
translated to

elevated
temperatures.
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Degassing
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stresses
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Oil degradation: reclaiming /

Cellulose
polar compounds, deeradation
acids and sludge &
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Degassing

MICAFLUID

and Dehydrating Web:

Managing Contradictory Tensions

Thickness ofliquid film inside the vacuum chamber

Time for degassing

Filters

Liquid viscosity

Foaming

Indirect heating elements

Vesseldegassing dimensions

Degassing temperature

Pressure during degassing
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Coalescence method for degassing

Coalescing system

o Operating pressure less 0.Imbar exceeds vapor pressure limits of oil
o High pressure drop requires inlet pump

o Smallsurface reduced efficiency

o Excessive foaming requires breaking vacuum

. . . Mechanical Booster
o Micro bubble coalescence inside transformer tank

Foam control air vent
valve to atmosphere —@—©
o High-cost maintenance (e

2 e $ Vacuum chamber Vacuum pump

pressure B
site to 4 4 4 4 4 4
vacuun > coalesce elaments
* Coalesos elaments
¥ Y Y ¥ ¥ ¥

"'-f"} Dry run protection to
keep centrifugal pump
under static oil height
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In the coalescence method, high pressure must first be applied to force the liquid to pass through the special medium found in the cartridge, and then pressure is applied to remove those same bubbles. This process causes both energy wastage and reduces the efficiency of purification. Another risk is leaving tiny bubbles inside the liquid, which would then actually go through the coalescence process within the transformer itself. In the case of an operating transformer, this, of course, could lead to failure, from partial discharge to a short circuit. The chamber where the coalescence filters are located is under uneven pressures, which also affects the efficiency of the process.


TRANSFORMERS MAGAZINE'S

INDUSTRY NAVIGATOR

MICAFLUID

Thin film degasser by Raschig ring —

The most adequate method for power transformers

Thin film degassing

(@)

Operating vacuum within vapor pressure limit of
dielectric fluid

No inlet pump required even for high viscosity oils

60% larger surface area compared to other
technologies on the market

Foam reduction without breaking vacuum, no micro
bubbles

Maintenance-free degasser

Copyright: Original work of authorship
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Transformer Insulation System

Cellulose impregnated by insulating oiland contain water in different forms

Typical transformer has an oilto paper ratio of 20:1
For every Kilogram of paper insulation (cellulose)in a transformer there are 20kg of oil.

So if you have 80MT of oil in the transformer you willhave approximately4 MT of paper.
This is the Dry Weight ofthe paper insulation.

Typical Transformer Qil to Paper ratio.
20:1

a4
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50 80MT
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The transformer insulation system comprises mainly of Cellulose solid materials (paper pressboard etc) and  fluid, mainly mineral oil.
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The consequence of undehydrated cellulose

Failed transformer due excessive moisture in cellulose msulation at 4.30 am
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Efficiency reduction of water quantity
inside transformers

ﬁ
Parameter Measure Initiate oil Target ﬁ %Xm
e

treatment values Tl
Water content ppm 20< or 30< <10 D) J\_l_L/L
Breakdown kV <40 or <50 60< @
voltage
®
B

In case water in oiland water in cellulose 1. Transformer 5.Feeding pump
exceeds acceptable limits, dehydration is 2. LFH unit 6. Used oil tank
required. 3. Vacuum unit 7. Waste oil tank

4. Oiltreatment plant 8. Hot oil spray

By IEC60422
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Modern transformers with a bladder 1n
the conservator are more prone to sludge

/BREATHER
Ap p rOle ate CONSER'\.!‘ATOR\
. . . AL R DESICCANT
Transformer Type Time Period Before Sludging [\¢ AIR 1|~ RARORYVER
—
Begins =
. . = ﬁ® oL
Transformers with free air access 10 years =
. OIL LEVEL GAUGE
Transformers with conservators 15 years O
X L $\\BI.J‘.'::HHIT.':ILZ
Transformers bolted tight (sealed) NI
. ; 50 years = (]|
with no nitro gen SHUT-OFF VALVE
Transformers with nitrogen over oil 67 years e b

ATMOSPHERIC PRESSURE

Maintenance ofliquid insulation, 1990, Western Area Power
Administration, Power System Maintenance Manual, chapter 10
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Efficient reduction oftotal gas quantity

MVA Transformer Target Action Action Action
type (kV) value level 1 level 2 level 3
Immediate Normal Degas in 3 Degas in 2
after operation year year
degassing
>100MVA >400 kV 0.5 <1.5 1.5-3 >3
<400 kV 1.5 <3 3-6 >6
<100MVA All voltages 2 <4 4-6 >6

inside transformers

1. Transformer

2. LFH unit

3. Vacuum unit
4. Oiltreatment plant

X AR
L5
|

©

®

5. Feeding pump
6. Used oiltank
7. Waste oiltank

MICAFLUID
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Corrosive sulfur oilmay cause critical failure

Oiltreatment dedicated to removing this dangerous property

Unprofessional oil treatment may induce serious damages
through transformer oil corrosiveness

Dahlund, M., P. Lorin, and P. Werle. "Effects of on-line reclaiming on the corrosive sulphur content of transformer oil." Presentation at the
CIGRE SC A2, A3 & B3 Joint Colloguium, Cape Town. 2009. il
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Presentation Notes
To add a system that treat oil corrosive
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The only effective treatment for improving the dielectric properties ofaged oils is
regeneration with Fuller’s earth

Removal of acidity, sludge and
other soluble oil decay products
Removal of corrosive Sulphur

o X and recovery of oil colour
Y :
2 Hydraulic system
pan A N\ for easy operation
(T o V.

Reconditioning of

Oilregeneration unit type Regeneration CRP Recordiodrart

Parameter Measure Initiate oil treatment | Target values
if:
Interfacial tension (IFT) mN/m <32 (TB413) 35<
Acidity m gKOH/gm 0.1< <0.03
Oxidation index IFT/acidity <600 (TB413)
Dissipation factor @90°C 0.05< (TB413) <0.015 or ol et sl P I,
TB413 - Insulating il Reclamation aphd Dechlorination, CIGRE2010 <0.01 P
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MICAFLUID Technology Advantages:

Transformer-Adapted Monitored Process

Micafluid VOP Micafluid CRP

Degassing &
dehydrating by
patented

N Filter 0,35

um to 5

wm N

s Oil color change control
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Presentation Notes
Micafluid is the one of the most experienced veteran and inventive oil treatment companies. This is can be observed by several innovative applications based on their long-term experience with different cases and designs. The variety range of oil treatment solutions for all the cases may fit to normal and special cases. The principal factors different from others are inline monitoring of the most important treated parameters as breakdown voltage, dissipation factor, total gas, and moisture allowing to perform the most accurate and energy saving process. This aspect of all monitoring online all the parameters is one of the unique qualities of Micafluid. 
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In-line gas and water content
Measurement

VZ212A applied on a VOP plant to
measure water and total gas content

In-line Tan Delta measurement

VZ220A applied on a VOP plant to
measure Tan Delta

MICAFLUID

In-line breakdown voltage
measurement with MicaSonic™

MicaSonic™ applied on a VOP plant

to measure:

-Breakdown voltage [kV]

-Moisture content [ppm] /
(at 20 °Cand actual temp. as per IEC)'.\
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MICAFLUID implement  full Inline Monitoring 
There should be better collaboration between fluid manufacturers, transformers manufacturers and equipment manufacturers to define the correct criteria for correct monitoring.
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MICAFLUID advantages for the
environment and transformer owner

Oilis not thermically stressed —molecular chemical
No foam stability. Unable to become sulfur corrosive.

Allow treatment of high
viscosity oils as esters and x
silicone. CthZ

2 + CJ.OHZZ

l l

C5H12 C5H12 T C5|-i12 c5H12

Streamlines temperature distribution and /
prevent hot spot cracking using a baffle |
Automatic froth control configuration whereby oil is indirectly heated

and automatically regulated to the setpoint,
ensuring a thermal flux of <1 W/cm?2.
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Presentation Notes
Other important advantages for persevering the oil and being sustainable is the gentle heating that avoids oil cracking and the special design of anti-foaming products. foaming may induce bubbles that can be fatal for the transformer. Vacuum-tight froth is achieved by by NO aeration system. 
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MICAFLUID: the past, present and future

MICAFLVID VOP + CRP

Process Supervision
PM410.46

SV6111

TM574.36  FM565.16 SN
il 29804y v PM422.48
= —
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Presentation Notes
6)Does Micafluid have experience treating biodegradable and renewables oils such as synthetic and natural Esters ? 
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MICAFLUID advantages for sustainable IoT

Cost and travelreduction through IoT, where something like the MVA support platform opens new
possibilities to remotely diagnose, supervise or support oiltreatment or monitoring of a transformer.

)\ machine virtual assistance

Decrease the Carbon Support.
footprint with the BAS,C Connect.
Internet of Things! \ tm”ths / Supervise.

\

\/
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 Users have instant access to remotely control and supervise their machine as well as direct MICAFLUID technical support and online diagnosis via secure sockets layer (SSL). MVA quickly enables companies to remotely view and act on the oil treatment operation, reducing downtime, as well as travel and operator costs which of course contributes to sustainability. 
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Conclusions and recommendations

o Oil-filled Power Transformer maintenance demands focused expertise &
experience of this particular and narrow domain.

o Transformer oiltreatment should be performed judiciously, by adequate
methods and by the best available technology.

o Driven by Swiss technology since 1913, MICAFLUID is on a mission to give a
longer and better life to transformers.

o MICAFLUID oil treatment plants are economic and safer for the environment,
the electric industry and the community. It also provides manufacturers
with solutions to achieve their ESGmilestones and certifications.

o Byimplementing practicalpower transformer circular economy, MICAFLUID
technology reduces the amount of precious material disposal.

Together with the right technology partner, a significant contribution can be made to the environment while —e®
saving money when adequate and timely oil treatment is done within the transformer’ life-cycle. \
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Presentation Notes
4)In what way is Micafluid as company sustainable and environmentally friendly as the purpose and usage of their plants?
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