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Introduction

“[...] The objective of the technical specification is to promote a higher average level of energy
performance for transformers.

It provides a basic model for national standards and alternatively a supplement to national standards
which do not cover the whole range of transformers. [...] It also gives minimum efficiency and
maximum losses which lead to a generally acceptable balance between losses and use of other
resources.”

It is “based on existing regional practices:
the Peak Efficiency Index (PEIl) incorporating a Total Cost of Ownership(TCO) approach

the no-load and load losses at rated power for rationalization of transformer cores and coils for
transformers generally produced in large volumes

the efficiency at a defined power factor and particular load factor (typically at 50%)

A transformer that does not comply with the requirements of this technical specification can still
comply with the requirements of other standards in the IEC 60076 series.

Energy efficiency is not the sole basis for choosing a transformer. The total capital and estimated
lifetime operating and maintenance costs (TCO=Total Cost of Ownership) are also significant
considerations in determining the most suitable transformer for the intended application and may offer
more economical solutions over the lifetime of the transformers.”




Contents

Scope

Normative references

Definitions

Efficiency and Efficiency Index calculation
Specification of energy performance
Energy performance levels

Tolerance

Annex A (informative) Calculation of transformer efficiency

Annex B (informative) Capitalisation of losses

Annex C (informative) Efficiency based on a survey of world practice
Annex D (informative) Japanese practice

.



1. Scope

This part of IEC 60076 is applicable to transformers in the scope of IEC 60076-1.

The energy performance levels given in section 6 are not applicable to the following
transformers:

Transformers for high current rectifiers following IEC61378 series and IEC 60146 series.
Transformers for furnace applications

Transformers for offshore applications

Transformers for emergency or temporary mobile installations

Traction transformers for 16.7 Hz

Earthing transformers following IEC60076-6

Transformers which cannot fulfil the energy performance requirements due to
unavoidable size and weight limitations

In this standard ‘transformers’ includes both separate winding transformers and
autotransformers.




3. Definitions

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

Efficiency

Electrical losses

Efficiency Index (EIA) method A
Efficiency Index (EIB) method B

Peak Efficiency Index (PEI)

Input power (Pinput)

Output power (Poutput)

Transformer load factor (k)

Load factor of Peak Efficiency Index (kPEl)

Transmitted apparent power (kSr)



Definitions

Energy efficiency
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Definitions

Electrical losses

(D

U

Electrical Losses

the electrical power consumed by the transformer at
particular value of transmitted apparent power
excluding the power consumed by the cooling system

.



Definitions

S (VA)

Losses l l Cooling

S A Losses+ Cooling)
S

the ratio of the transmitted apparent power of a transformer minus electrical losses
including the power consumed by the cooling to the transmitted apparent power of

. the transformer for a given load factor

77:




Definitions

Energy efficiency index Method B

S (VA)

Losses ‘

B S
S + Losses

the ratio of the transmitted apparent power of a transformer to the transmitted
apparent power of the transformer plus electrical losses for a given load factor

Note to entny: This method is only applicable for naturally cooled transformers



Definitions

Peak efficiency index

100

Energy efficiency index (%)

* Usually 40-50%
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4. Efficiency and Efficiency Index calculation

A S —

4.1 General
4.2 Methods of evaluating
energy performance
4.3 Method A
4.3.1  Efficiency Index general formula
4.3.2  Peak Efficiency Index
4.4 Method B
4.4.1  Efficiency Index general formula
4.4.2

Efficiency Index at 50% loading
("EIB50")

3 methods of evaluating the energy
performance:
the Peak Efficiency Index (PEI)
the no-load and load losses at rated
power or at a particular reference power
the efficiency at a defined power factor
and particular load factor (typically at
50%)
2 methods of calculating efficiency index
(method A and B)
the voltage and load current systems are
symmetrical and sinusoidal
the line voltage is equal to the rated voltage
the power factor is assumed to be unity and
efficiency can be defined in terms of an
efficiency index at a specific power.




Definitions

Eff|C|ency Index method A and B

IEC 60076-01 2011 Power trasformers
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Efficiency Index Method A

kSr- (Pg+Pcg) — (KPy + Py (K))
kSy

Elp = (pu)

Po NLL measured at rated voltage, rated frequency and on rated tap

P electrical power required by the cooling system for NL operation derived from the type test measurement of the
power taken by the fan and pump motors.

Py measured LL at rated current and rated frequency on the rated tap corrected to reference temperature according
to IEC 60076-1.

P (k) is the additional electrical power required (in addition of P_,) by the cooling system for operation at load factor k,

derived from the type test measurement of the power taken by the fan and pumps motors
S, isthe rated power of the transformer or autotransformer as defined in IEC60076-1 on which P is based
k is the load factor

This approach respects the philosophy of IEC60076 which refers the rated power to the rated voltage and current of one of the
transformer windings.

For the calculation, the following shall be considered:

a) For liquid immersed transformers with rated average winding temperature rise less than or equal to 65 K for OF or ON, or 70 K
for OD, the reference temperature is 75 °C.

b) For transformers with other rated average winding temperature rise, the reference temperature is equal to the rated average
winding temperature rise + 20 °C, or rated winding temperature rise +yearly external cooling medium average temperature,
whichever is higher.

If a purchaser needs to compare transformer with different insulation systems and different average winding temperature rises,
the reference temperature should be according to b) above.

The reference temperature at rated power chosen for the losses shall be in accordance with IEC60076-1



Peak Efficiency Index

PE| = 1 _2(Po+Pco+Pck(kpEr))

S Po+Pco+Pcek(kpPED)
r PK
* PO =noload losses*
e PcO =electrical power required by the cooling system for no load operation
* Pk =load losses* corrected to reference temperature™*
e Sr = rated power of the transformer on which Pk is based

measured at rated voltage and rated frequency, on the rated tap

** 20 °C+ Average winding rise (i.e. 90 °C for OD cooled transformers, 85 °C for ON or OF cooled transformers)

The Peak Efficiency Index includes the losses associated with only that part of the cooling
system that is in service at kPEI.

At kPEI loading sufficient cooling shall be in service to ensure the transformer temperature rise
does not exceed the requirements of IEC60076-2 or the customer specification.



Peak Efficiency Index

2(Po+Pco+Pei(kpET))

Po+Pco+Pck(kpEI) A
Pk

PEI=1-

——+——
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Efficiency Index Method B

El Ky (pu)
B ksy+pPg +leTep,

Po is the no-load loss measured at rated voltage, rated frequency and on rated tap
Py is the measured load loss at rated current and rated frequency on the rated tap corrected to
reference temperature according to IEC 60076-1.
S, is the rated power of the transformer or autotransformer as defined in IEEE C57.12.80 on which P,
is based. S is used to distinguish from S,
k is the load factor
T; Is the temperature correction factor used to correct the losses from the standard  reference

temperature to the reference temperature used for calculation of Elr

This is different from usual practice of IEC.
This formula is only applicable to transformers with natural cooling AN,ONAN,KNAN,GNAN and LNAN. For

forced cooled transformers method A shall apply




Efficiency Index at 50% loading

. 0,5 Sy
5507 0,5 5+ Pg + 0,25xTgxP,

(pu)

T¢ shall be taken as 1
S, is the rated power of the transformer or autotransformer as defined in IEEE57.12.80

The exact correction factor Tf depends at least on the type of conductor (copper or aluminum) and the
reference temperature at full load and ratio of eddy to I°R losses

In some countries, for transformers with an assumed average winding temperature at 50% load factor of 55°C
for liquid immersed transformers and 75°C for dry type transformers, T¢ is approximated as 0,91.

Other values of T, are based on the temperature correction of losses given in IEC60076-1 and 60076-2

If T¢ is not equal to 1, the value of Ty must be given when Elgs, is stated.

There is no provision for cooling losses in the formula and different ratings for different cooling modes are not
accounted for.




5. Specification of energy performance

The energy performance of a transformer may
be specified in one of the following ways:

Minimum Peak Efficiency Index with load and no
load loss capitalisation values

Maximum load losses and maximum no load losses

Minimum efficiency index at a load factor of 50%
EIB50




6. Energy performance levels

6.1 General « Level 1 is for basic energy performance
Level 2 is for high energy performance

6.2Liguid immersed transformers

6.2.1  Minimum Peak Efficiency Index
method A

6.2.2  Maximum load loss and maximum no load loss for
transformers with rated frequency equal to 50Hz.

6.2.3  Efficiency Index Method B

The level chosen should be economically
validated for the intended application

6.3 Dry type transformers
6.3.1  Minimum Peak Efficiency Index value Method A

6.3.2 Maximum load loss and maximum no load loss for transformers with
rated frequency equal to 50Hz.

6.3.3  Efficiency Index Method B at 50% load factor

.
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