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Co n t e n t : 
o Com paring m ain tenance and life extension of active transform ers versus buying new ones.

o The growing im portance of expertise in m ain ta in ing m odern power transform ers ' insu la ting m ate ria ls.

o Iden tifying op tim al tim es for cost-e ffective oil trea tm ent.

o Em ploying durab le oil technology for trea tm ent and m onitoring oil trea tm ent param ete rs.

o Necessities like degassing, recla im ing, and dehydra tion for power transform ers.

o MICAFLUID's Best Ava ilab le Technology (BAT) benefits both environm enta l and transform er hea lth .

o Preven ting prem ature transform er aging to sign ifican tly exceed m anufactu re rs’expected lifespans.

o Conserving the precious resource of insu la ting oil

Marius Grisaru, Senior Consultant, grisaru@gmail.com



Th e  b a la n ce  o f a cq u is it io n  ve r s u s  p re s e r va t io n

Presen t op tion  -
Main ta in  existen t 

transform ers

Previous op tion  -
Acquiring new 
transform ers 
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Wo r ld 's  fir s t  in d u s t r ia l o il w e ll in  Ba k u , 1846

Oil in d u s t r y  o r ig in s  a n d  it s  co n s e q u e n ce s  

Copyright: Origina l work of au thorsh ip
Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
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. 



Cr u d e  o il co m p o s it io n :
o 84% - Carbon

o 14% - Hydrogen a ttached  to  ca rbons

o 1-2 - Su lfu r com pounds 

o Som e  Nitrogen  p resen t as organ ic am ine

o Som e  Oxygen  a ttached  to  ca rbons, form ing organ ic m olecu le s 
such  as a lcohol 

o Som e  Meta ls such  as Vanad ium , Arsen ic, Nicke l, Iron , Copper.

o Som e  Chloride  Sa lts

Marius Grisaru, Senior Consultant, grisaru@gmail.com



La r ge  t ra n s fo r m e r s  fo r  low  vo lt a ge  a n d  p ow e r

Marius Grisaru, Senior Consultant, grisaru@gmail.com
Copyright: Origina l work of au thorsh ip

Presenter
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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Naphthen ic oil
Vege tab le  o il first 
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Presentation Notes
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.” 



Transform er oil qua lity is a  com prom ise  be tween the opposite p rope rtie s.  
A t im e lin e  o f in s u la t in g m in e ra l o il p ro p e r t ie s

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Viscosity, a rom atics, su lphur, 
n itrogen  com pounds

1900 1995 2010

Synthe tic m inera l oils

Sulphur 
corrosion

Synthe tic additives abundance  

Electrica l p ropertie s

Refin ing degree

Gas evolu tion  

Gas absorp tion  
Stab ility

Presenter
Presentation Notes
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. 



Silicone Fluid

Synthetic transformer 
oils

Organic
(vegetable oils)
Natural Esters

Petroleum
Synthetic Esters

PAOs

Mineral Oils

ParaffinicNaphthenic

Diffe re n t  Typ e s  o f d ie le ct r ic  flu id  –
Diffe ren t liqu id  trea tm en t approaches

Marius Grisaru , Senior Consultant, m.grisaru@meritse rvicesint.com

Presenter
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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Tra n s fo r m e r s  p ow e r  a n d  lit e r  p e r  
vo lt a ge  t h ro u gh  t h e  ye a r s  

Trends for transform er power in  MVA and  lite r pe r vs year of m anufactu re  

Presenter
Presentation Notes
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



Ce llu lo s e – Th e Ach ile s ’ h e e l

Pa pe r wra pp in g

Pa pe r
wra pp in g

Pre ss  boa rd
spa ce rs

La m in a te  Bolt s

Su pport s

La m in a te
Oil flow gu ide s

IEEE d e fin e s  t h e  e n d  o f t r a n s fo r m e r  life  a ft e r  lo s s  o f s t r e n gt h  in  
t h e  ce llu lo s e  s t r u ct u re .
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Presenter
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.



Therm ally upgraded  
pape r

Kraft ce llu lose  Nom ex
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stab ility

Built-in  sensors?

Im proved the rm ally 
upgraded  pape r
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Presenter
Presentation Notes
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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Wate r and  a ir a re  con trollab le  and  reducib le  factors for p reven ting fa ilu re s in  transform ers 

De h yd ra t io n

Oil 
re cla im in g

De ga s s in g
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Degassing tem pera tu re

Liqu id  viscosity

Vesse l degassing d im ensions

Tim e  for degassing

Foam ing

Filte rs 

Ind irect hea ting e lem ents

Thickness of liqu id  film  inside  the  vacuum  cham ber

De ga s s in g a n d  De h yd ra t in g We b : 
Managing Contrad ictory Tensions

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Pressure  during degassing



Co a le s ce n ce  m e t h o d  fo r  d e ga s s in g 

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Coa le scin g sys t e m

o Opera ting p ressure  le ss 0.1m bar exceeds vapor p ressure  lim its of o il

o High  p ressure  d rop  requ ires in le t pum p

o Sm all su rface  reduced efficiency

o Excessive  foam ing requ ires b reaking vacuum

o Micro  bubb le  coa lescence  inside  transform er tank

o High-cost m a in tenance

Presenter
Presentation Notes
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.



Th in  film  d e ga s s e r  by  Ra s ch ig  r in g –
The  m ost adequa te  m e thod  for power transform ers 

Marius Grisaru, Senior Consultant, grisaru@gmail.com
Copyright: Origina l work of au thorsh ip

Th in  film  d e ga ss in g

o Opera ting vacuum  with in  vapor p ressure  lim it of 
d ie lectric flu id

o No in le t pum p requ ired  even  for h igh  viscosity o ils

o 60% la rge r su rface  a rea  com pared  to  o the r 
technologies on  the  m arke t

o Foam  reduction  withou t b reaking vacuum , no  m icro  
bubb les

o Main tenance-free  degasse r

Chemical Industry Examples



Typical transform er has an  o il to  pape r ra tio  of 20:1

For eve ry Kilogram  of pape r insu la tion  (ce llu lose ) in  a  transform er the re  a re  20kg of o il.

So  if you  have  80MT of o il in  the  transform er you  will have  approxim ate ly 4 MT of pape r.
Th is is  the  Dry Weigh t of the  pape r insu la tion .

4MT

Tra n s fo r m e r  In s u la t io n  Sys t e m
Cellu lose  im pregna ted  by insu la ting oil and  con ta in  wate r in  d iffe ren t form s

Marius Grisaru, Senior Consultant, grisaru@gmail.com
Copyright: Origina l work of au thorsh ip

Presenter
Presentation Notes
The transformer insulation system comprises mainly of Cellulose solid materials (paper pressboard etc) and  fluid, mainly mineral oil.



25°C H20 70°C

cooling

rehea ting

Wa t e r  d is t r ib u t io n  in  p ow e r  
t r a n s fo r m e r  a t  t w o  t e m p e ra t u re s

Marius Grisaru, Senior Consultant, grisaru@gmail.com



Th e  co n s e q u e n ce  o f u n d e h yd ra t e d  ce llu lo s e  
Failed  transform er due  excessive  m oistu re  in  ce llu lose  insu la tion  a t 4.30 am

Marius Grisaru, Senior Consultant, grisaru@gmail.com



In  case  wate r in  oil and  wate r in  ce llu lose  
exceeds accep tab le  lim its, dehydra tion  is 
requ ired . 

1. Transform er
2. LFH un it
3. Vacuum  un it
4. Oil trea tm ent p lan t

5. Feed ing pum p
6. Used  oil tank
7. Waste  oil tank
8. Hot oil sp ray

Pa ra m e t e r Me a s u re In it ia t e  o il  
t r e a t m e n t

Ta r ge t  
va lu e s

Wate r con ten t ppm 20<  or 30< <10

Breakdown 
voltage

kV <40 or <50 60<

Efficie n cy re d u ct io n  o f w a t e r  q u a n t it y  
in s id e  t r a n s fo r m e r s   

Marius Grisaru, Senior Consultant, grisaru@gmail.com

By IEC60422

Presenter
Presentation Notes
Here only 4 / 



Transform er Type  
Approxim ate

Tim e  Pe riod  Before  Sludging 
Begins

Transform ers with  free  a ir access 10 years

Transform ers with  conse rva tors 15 years

Transform ers bolted  tigh t (sea led) 
with  no n itrogen  

50 years

Transform ers with  n itrogen  ove r oil 67 years

Main tenance  of liqu id  insu la tion , 1990, Weste rn  Area  Power 
Adm in istra tion , Power System  Main tenance  Manual, chap te r 10

Mo d e r n  t ra n s fo r m e r s  w it h  a  b la d d e r  in  
t h e  co n s e r va t o r  a re  m o re  p ro n e  t o  s lu d ge

Marius Grisaru, Senior Consultant, grisaru@gmail.com



1. Transform er
2. LFH un it
3. Vacuum  un it
4. Oil trea tm ent p lan t

5. Feed ing pum p
6. Used  oil tank
7. Waste  oil tank
8. Hot oil sp ray

Act io n  
le ve l 3

Act io n  
le ve l 2

Act io n  
le ve l 1

Ta r ge t  
va lu e

Tr a n s fo r m e r  
t yp e (k V)

MVA

Degas in  2 
year

Degas in  3 
year

Norm al 
ope ra tion

Im m edia te  
a fte r 

degassing

>31.5-3<1.50.5>400 kV>100MVA

>63-6<31.5<400 kV

>64-6<42All voltages<100MVA

Efficie n t  r e d u ct io n o f t o t a l ga s  q u a n t it y  
in s id e  t r a n s fo r m e r s   

Marius Grisaru, Senior Consultant, grisaru@gmail.com
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Dahlund, M., P. Lorin , and  P. Werle . "Effects of on-line  recla im ing on  the  corrosive  su lphur content of transform er oil." Presenta tion a t the 
CIGRE SC A2, A3 & B3 Joint Colloquium, Cape Town. 2009.

Unprofessiona l oil trea tm ent m ay induce  se rious dam ages 
th rough  transform er oil corrosiveness   

Co r ro s ive  s u lfu r  o il m a y ca u s e  cr it ica l fa ilu re  
Oil trea tm ent ded ica ted  to  rem oving th is dange rous p rope rty 

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
Presentation Notes
To add a system that treat oil corrosive



Pa ra m e t e r Me a s u re In it ia t e  o il  t r e a t m e n t  
if:

Ta r ge t  va lu e s

In te rfacia l tension  (IFT) m N/m < 32   (TB413) 35<

Acid ity m gKOH/gm 0.1< <0.03

Oxida tion  index IFT/acid ity <600   (TB413)

Dissipa tion  factor @90oC 0.05<  (TB413) <0.015 or 
<0.01

Oil regene ra tion  un it type  Re ge n e ra t io n  CRP

TB413 - Insulating Oil Reclamation and Dechlorination, CIGRE2010

Th e  on ly e ffe ct ive  t re a tm e n t  for  im provin g th e  d ie le ct r ic p rope rt ie s  of a ge d  o ils  is  
re ge n e ra t ion  with  Fu lle r ’s  e a r th

Marius Grisaru, Senior Consultant, grisaru@gmail.com



Gentle  
Hea ting

Degassing & 
dehydra ting by 

pa ten ted  Rasch ig 
rings

Mica flu id  VOP Mica flu id  CRP

Oil Regenera tion  by 
Fu lle r ’s ea rth

Filte r 0,35 
μm  to  5 
μm

Oil color change  control

MICAFLUID Te ch n o lo gy Ad va n t a ge s : 
Transform er-Adap ted  Monitored  Process

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
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. 



In -lin e  ga s  a n d  w a t e r  co n t e n t
Me a s u re m e n t
VZ212A applied  on  a  VOP p lan t to
m easure  wate r and  tota l gas conten t

In -lin e  Ta n  De lt a  m e a s u re m e n t

VZ220A applied  on  a  VOP p lan t to
m easure  Tan  De lta

In -lin e  b r e a k d ow n  vo lt a ge
m e a s u re m e n t  w it h  Mica So n icTM

MicaSonic applied  on  a  VOP p lan t
to  m easure :
-Breakdown voltage  [kV]
-Moisture  conten t [ppm ]
(a t 20 °C and  actua l tem p. as pe r IEC)

MICAFLUID fu ll In lin e  Mo n it o r in g 

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
Presentation Notes
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.



Oil is  n o t  t h e r m ica lly  s t re s s e d  – m olecu la r chem ica l 
stab ility. Un a b le  t o  b e co m e  s u lfu r  co r ro s ive .   

Stream lines tem pera tu re distribu tion and
preven t hot spot cracking using a baffle
configura tion whereby oil is indirectly hea ted
and au tom atica lly regu la ted to the se tpoin t,
ensuring a the rm al flux of < 1 W/cm 2.

No foam

Autom atic froth  con trol

Allow trea tm ent of h igh  
viscosity oils as e ste rs and  

silicone . C10H22

C5H12

C10H22

C5H12 C5H12 C5H12+

+

MICAFLUID a d va n t a ge s  fo r  t h e  
e n viro n m e n t  a n d  t ra n s fo r m e r  ow n e r

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
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. 



VOP + CRP

MICAFLUID: t h e  p a s t , p re s e n t  a n d  fu t u re  

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
Presentation Notes
6)Does Micafluid have experience treating biodegradable and renewables oils such as synthetic and natural Esters ?  



Co s t  a n d  t ra ve l re d u ct io n  t h ro u gh  Io T, where  som eth ing like  the  MVA support p la tform  opens new 
possib ilitie s to  re m o t e ly  d ia gn o s e , s u p e r v is e  o r  s u p p o r t  o il t re a t m e n t  o r  m o n it o r in g  o f a  t ra n s fo r m e r . 

Decrease  the  Carbon  
footprin t with  the  
In t e r n e t  o f Th in gs !

MICAFLUID a d va n t a ge s  fo r  s u s t a in a b le  Io T

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
Presentation Notes
 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. 



o Oil-filled  Power Transform er m ain tenance  dem ands focused  expertise  & 
experience  of th is pa rticu la r and  na rrow dom ain .  

o Transform er o il trea tm ent shou ld  be  pe rform ed  jud iciously, by adequa te  
m ethods and  by the  best ava ilab le  technology.

o Driven  by Swiss technology since  1913, MICAFLUID is on  a  m ission  to  give  a  
longer and  be tte r life  to  transform ers.

o MICAFLUID oil trea tm ent p lan ts a re  econom ic and  sa fe r for the  environm ent, 
the  e lectric industry and  the  com m unity. It  a ls o  p rovid e s  m a n u fa ct u re r s  
w it h  s o lu t io n s  t o  a ch ie ve  t h e ir  ESG m ile s t o n e s  a n d  ce r t ifica t io n s . 

o By im plem enting p ractica l power transform er circu la r econom y, MICAFLUID 
t e ch n o lo gy r e d u ce s  t h e  a m o u n t  o f p r e cio u s  m a t e r ia l d is p o s a l. 

Toge the r with  the  righ t t e ch n o logy p a r t n e r , a  s ign ifica n t  con t r ib u t ion  can  be  m ade  to  the  e n viron m e n t while  
sa vin g m on e y when  adequa te  and  t im e ly o il t re a t m e n t  is done  with in  the  t ra n sfo rm e r ’s  life -cycle .

Co n clu s io n s  a n d  re co m m e n d a t io n s

Marius Grisaru, Senior Consultant, grisaru@gmail.com

Presenter
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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