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Figure 1: Ageing of sealed vials filled with insulating liquid and Kraft paper
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Pr -ties St lard Mineral Natural
roperties Standar Oil Ester Liquid
Fire Safety Class IEC o1 K2
ASTM Limit 145 Limit 275
Flash Point (°C) IEEE - Min. 275
IEC =135 Min. 250
ASTM Limit 170 Linut 300
Fire Point (°C) IEEE - Min. 300
IEC = Min. 300
Calorific Value MI/kg Ref. [23] 46 37.5
Transformer separation
distance requirement FM GLOBAL 1/10th The distance
from other transformer STANDARD required for muneral o1l
or building or other 3990 immersed transformers
substation equipment

Requirement of Fire
extinguishing system

needed

Not required
even for indoor
application
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Table S. Environmental nmmpacts of transformer insulating liquids.
~ - N -
Properties Standard Nlimeral il mtural Estex Ref.
Liguid no.
. L - Method -
Blo:l[eg;a:ll'?b:lny OECD —10%% o404 ._.,(.‘(),_.
at = ays 301 F =
L OECD Toxic/forms Mon~Toxic 27.
Soil Eco-toxicity Methods toxic products fresh as well -8
ok oxic pra crs as aged oil
st tic . .
Acute aquatic OECD 203 Toxic Non-Toxic 20
toxicity
< 21E - - . .
AL‘“# <.' e OECID 420 Toxic Non-Toxic 20
toxicity
To avoicd Due to Fast
contanuination biological
Contamination with groumed degradation. on
with ground water oil major leakage 29
water compartiment in no need of oil
the foundartion compartnent in
is needed the foundation
Dept. of ) . ) ) - o
Totl life evele | commerce | NIl Enerbgsies menaoe |
carbon footprint NIST BEES “ . N R “ -
, mineral oil.
V4.0
Overall C:F:ep" (")f
environmental g;};:;:iﬂlge 1/4th Impact Of Mineral Oil 20
mmpact BEES V4.0
Greenhouse
Eremanemed | ToNs per
ans < -
liquid for irs ,_1000 4.18 0.07< 20
- Gallons
complete life
cycle
- Not Carbon Carbomn
“ar’ - 3
Carbon Neutral Neutral Neutral 30
Corrosive elpdiglgo:
ul )l‘““_ D1275-06 Non Corrosive Not Detected 20
Sulr Method B

Table 9. Pour point of different insulating liquids.

Natural Ref.
Ester Liquid no
Pour Point (°C) ASTM <-40 (°C) <-10 (°C) 13.
IEEE <-10 (°C) 14

Properties Standard Mineral Oil

IEC <40 (°C) <-10 (°C)

Natural ester has reduced
Tendency to tendency to develop voids when
develop voids cooled beyond its Pour Point
Temperature.
No special care required to be
Cold Start taken Fluring _c.old sts.uT of
natural ester immersed

)
h

) W
S

transformer.
Ambient falls ' Reconm‘lended‘ to run
R transformer under No Load 29
below 0°C "
Condition

10
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Table 13. Transformer MV A rating and dimensional challenges.

Mineral Oil Natural Ester Ref
Liquid No.

Using natural ester liquid. continuous MVA
Continuous capacity of existing mineral oil inunersed 20,
MVA transformer can be increased up to around 12 % 43,
capacity (Ref 27 suggest up to 20%) keeping same losses 44

and impedance at base MVA.
Using natural ester liquid, despite increase in

Footprint Of

MVA rating of mineral oil transformer. 20% 43
Transformers | reduction in overall size of the transformer -
footprint and 18% in voluine.
Enerey For natural ester liquid immersed transformer,
- though increase in rating and reduced in size, 43,
Efficient . .F L ;
o i losses can be maintained same as mineral oil 45
Transformer - -
inumersed transformer.
. Natural esters generate less sludge as compared to |
Sludge . . . - - e . 20.
) mineral oil. Only 1/20 the sludge is formed in
Formation 43

natural esters in comparison with muneral oil.

Life Cycle

- Natural esters immersed transformer
Cost and

can result
into much lower life cycle costs and deferred | 43

Capital . -
i S capital expenditure.
expenditure
To take advantage of reduction of cellulose
degradation. higher temperature rises are possible
High if high temperature materials in line with IEC
Temperature 60076: Part 14 can be used. In such cases the foot 45
Insulation print of transformer can be reduced. Also, Natural

ester high fire point increases the fire safety of
high temperature transformers.
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Figure 1: Ageing of sealed vials filled with insulating liquid and Krafi paper
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Figure 2: Evolution of degree of polymerization versus ageing time at 150 °C
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Figure 3: Evolution of oil acidity versus ageing time at 150 °C
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TeC:

Amh_lentr 40 /60 / 40 / 60 40/ 60 / 65 40/ 60 /7 105 40 /90 / 40 /90 /
oil / 65 75 (100) 125) 105 95
winding (78) °0) = (125) (110)

(hot spot)
Conductor Material = . .
e S TUP 155 °C :‘l’s'g'},‘g ':Il";g‘:,g TUP
paper & Kraft paper - -
Solid
insulation 1 Matenal Matenal M. -
(e. g Pressboard pﬂ::; =155 °C =155°C & >l;§t:z‘l Pressboard
cyvlinders, & Pressboard Pressboard -
strips)
Liquids Mineral oil ~ Mineral Mineral oil Mineral oil ~ Tvatural e
o1l ester ester
Weight
80 & 515 100 %% 98 %% 97 %% 96 % 93 % 95 %%
MVA
Casts
80 & 515 100 %% 98 %6 100 %% 98 %% 118 %% 102 %%
NV A
Table 1:

Design variants_for high-remperatunre rransformers 80 MVA and 515 MVA
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Figure 4: 10MVA/110kV/16,7Hz - “Green Transformer” filled with natural ester, hermetically sealed
and high-temperature design - HV (middle) and LV (right) windings with aramid insulation
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Figure 5: Model of the windings (left) & magnetic field/losses distribution in the windings (right)
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igure 6. Thermography during heat run test with 100 MVA (top view of transformer) [4]
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Figure 7: Schematic top view of a iransformer with conventional two fans group (a) and innovafive
approach to control the fans (b)

Figure 8: First 40/50 MVA, ONAN/ONAF grid coupling transformer with new speed-controllable fans
with EC technology manufactured in Germany in 2009
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