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Foreword 

This document (EN 50629:2015) has been prepared by CLC/TC 14, "Power transformers". 

The following dates are fixed: 

- latest date by which this document has 
to be implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2016-06-25 

- latest date by which the national 
standards conflicting with this 
document have to be withdrawn 

(dow) 2018-06-25 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CENELEC by the European Commission and 
the European Free Trade Association, and supports requirements of Commission Regulation (EC). 

For the relationship with requirements of Commission Regulation (EC) see informative Annex ZZ, which is an 
integral part of this document. 

Foreword to amendment A1   

This document (EN 50629:2015/A1:2016) has been prepared by CLC/TC 14 "Power transformers". 

The following dates are fixed: 

- latest date by which this document has to be 
implemented at national level by publication of 
an identical national standard or by 
endorsement 

(dop) 2017-05-23 

- latest date by which the national standards 
conflicting with this document have to 
be withdrawn 

(dow) 2019-05-23 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CENELEC by the European Commission and 
the European Free Trade Association, and supports requirements of Commission Regulation (EU). 

For the relationship with Commission Regulation (EU) see informative Annex ZZ, which is an integral part of 
EN 50629:2015. 
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Foreword to amendment A2

This document (EN 50629:2015/A2:2018) has been prepared by CLC/TC 14 "Power transformers". 

The following dates are fixed: 

- latest date by which this document has to be 
implemented at national level by publication of 
an identical national standard or by 
endorsement 

(dop) 2017-11-13 

- latest date by which the national standards 
conflicting with this document have to 
be withdrawn 

(dow) 2020-11-13 

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such patent rights. 

This document has been prepared under a mandate given to CENELEC by the European Commission and the 
European Free Trade Association, and supports requirements of Commission Regulation (EU). 

For the relationship with Commission Regulation (EU) see informative Annex ZZ, which is an integral part of 
EN 50629:2015. 
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Introduction 

This European Standard has been prepared at the request of the European Commission under the mandate 
EC 24/2011 and applies to large power transformers covered by the COMMISSION REGULATION (EU) N. 
548/2014 of 21 May 2014.  

For large power transformers (LPT) the strict definition of efficiency based on transmitted and absorbed active 
power alone is not useful for evaluating the energy performance because the losses are either fixed (no load 
loss), or depend on current (load loss) and therefore conventional efficiency would be zero if only reactive 
power is transmitted (reactive power transmission is very important for network operation). The conventional 
calculation of efficiency is therefore not helpful for comparing transformer designs which may be used over a 
range of operating conditions. 

In general for LPT it is not possible to give optimal values for load and no load losses for a particular rated 
power because of the variety of applications which affect the energy performance. 

In order to define an index that is specific to the transformer design, but applicable to a wide range of uses, 
rather than a figure that varies from second to second depending on system conditions, it is essential to 
characterize the energy performance of power transformers. For this reason a metric – Peak Efficiency Index 
(PEI) – has been developed which is based on real power losses and total power transmitted and is 
independent of load phase angle, load factor and rated power. 

This document provides a standard method for evaluating the energy performance of power transformers 
through the use of the Peak Efficiency Index, gives benchmark figures for PEI and the reasons why certain 
transformers may have efficiencies which are higher or lower than the benchmark. 

Setting a reasonable value of minimum Peak Efficiency Index will be effective in improving the overall 
efficiency of the installed transformer population by eliminating transformers with poor efficiency, with the 
exception of some transformers subject to specific limitations. 

The use of a minimum value of Peak Efficiency Index sets a floor for transformer efficiency performance, but 
the use of proper loss capitalisation for purchasing transformers is essential to select a transformer with the 
optimal economically justified level of efficiency. Users not using loss capitalisation are strongly encouraged to 
investigate the benefits of doing so. 

For large units above 100 MVA the economically achievable efficiency of a transformer may be limited by the 
technical parameters of the network (e.g. impedance), and specific transport and installation constraints. As 
the units concerned are usually purchased by large transmission system owners, who typically use high 
values of loss capitalization, those units above 100 MVA already tend to be state of the art as far as efficiency 
is concerned. 

For transformers with unusual configurations and/or very severe size or weight limitations it may be 
unreasonable to meet the minimum efficiency requirement for either technical or economic reasons. In these 
cases it will be acceptable to demonstrate that the highest reasonable level of efficiency has been achieved 
(see Clause 6). 

It is considered that the approach to energy performance set out in this document could also be applicable in 
principle to transformers outside the scope of this standard. 
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1 Scope 

This European Standard applies to new three-phase and single-phase power transformers with a highest 
voltage for equipment exceeding 36 kV and a rated power equal or higher than 5 kVA, or a rated power equal 
to or higher than 40 MVA regardless of the highest voltage for equipment. 

The scope of this European Standard is the following: 

- Defining the appropriate energy efficiency criteria; 
- Setting of benchmark minimum efficiency levels for new transformers based on an assessment of the 

energy efficiency of the European transformer population installed in the last 10 years; 
- Proposing higher minimum efficiency levels for improving the energy efficiency of new transformers; 
- Providing guidance for consideration of Total Cost of Ownership. 

This European Standard provides also a form for efficiency data collection to inform future efficiency 
benchmark levels. 

NOTE 1 This standard covers the transformers under the EU Regulation N. 548/2014 and gives additional specific 
guidance for single phase transformers, autotransformers, multi winding transformers and for transformers with OD and 
OF cooling systems, necessary for the correct application of energy efficiency requirements to these categories of 
transformers. 

Transformers considered to be out of the scope of this document are the following: 

- instrument transformers, specifically designed to supply measuring instruments, meters, relays and 
other similar apparatus, 

- transformers with low-voltage windings specifically designed for use with rectifiers to provide a DC 
supply, 

- transformers specifically designed to be directly connected to a furnace, 
- transformers specifically designed for offshore applications and floating offshore applications, 
- transformers specially designed for emergency installations, 
- transformers and auto-transformers specifically designed for railway feeding systems, 
- earthing or grounding transformers, this is, three-phase transformers intended to provide a neutral 

point for system grounding purposes, 
- traction transformers mounted on rolling stock, this is, transformers connected to an AC or DC contact 

line, directly or through a converter, used in fixed installations of railway applications, 
- starting transformers, specifically designed for starting three-phase induction motors so as to 

eliminate supply voltage dips, 
- testing transformers, specifically designed to be used in a circuit to produce a specific voltage or 

current for the purpose of testing electrical equipment, 
- welding transformers, specifically designed for use in arc welding equipment or resistance welding 

equipment, 
- transformers specifically designed for explosion-proof and underground mining applications, 
- transformers specifically designed for deep water (submerged) applications, 
- medium Voltage (MV) to Medium Voltage (MV) interface transformers up to 5 MVA, 
- large power transformers where it is demonstrated that for a particular application, technically feasible 

alternatives are not available to meet the minimum efficiency requirements set out by EU 
REGULATION N. 548/2014, 

- large power transformers which are like for like replacements in the same physical location/installation 
for existing large power transformers, where this replacement cannot be achieved without entailing 
disproportionate costs associated to their transportation and/or installation. 

For dry type large power transformers Minimum PEI values have been published in European Regulation and 
these values are included in Annex A. 

In case one of the last two exclusions is claimed, this should be documented at the signature of the contract 
with a declaration made by the customer. 

!

"
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2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies. 

EN 60076 (all parts), Power transformers (IEC 60076, all parts) 

EN 60076-19, Power transformers — Part 19: Rules for the determination of uncertainties in the measurement 
of the losses on power transformers and reactors (IEC/TS 60076-19) 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 60076-1:2011 and the following 
apply. 

3.1 
Large Power Transformer  
LPT 
power transformer with a highest voltage for equipment exceeding 36 kV and a rated power equal or higher 
than 5 kVA, or a rated power equal to or higher than 40 MVA regardless of the highest voltage for equipment 

3.2 
load factor  
k 
ratio of actual input current over the rated current of transformer 

Note 1 to entry: Normally 0 ≤ k ≤ 1. 

3.3 
transmitted apparent power 
kSr 
product of the load factor and the rated power 

3.4 
Efficiency Index  
EI 
ratio of the transmitted apparent power of a transformer minus electrical losses to the transmitted apparent 
power of the transformer 

3.5 
Peak Efficiency Index  
PEI 
highest value of efficiency index that can be achieved at the optimum value of load factor 

3.6 
load factor of Peak Efficiency Index  
kPEI 
load factor at which Peak Efficiency Index occurs 

NOTE 2 To retain consistency, the same list of exclusions in the EU Regulation N. 548/2014, has also been 
reproduced here. Within the above EU exclusion list, some had been excluded simply because no PEI data was available 
to CENELEC at the time on which to base appropriate PEI levels. Consequently, as such information becomes available in 
the future, it may be possible to derive suitable PEI Levels. Accordingly these particular categories are listed in Clause 6 
as suitable for future consideration. 
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3.8 excluded transformers 
3.8.1 
instrument transformer 
transformer as defined in section 3.1.1 of EN 61869-1:2009, even if it supplies energy for the operation of 
connected equipment 

Note 1 to entry: The difference between the definition in Regulation 548/2014 and the CENELEC one is in the use of the 
word ‘supply’ rather than ‘transmit an information signal’. 

3.8.2 
transformer with low-voltage windings specifically designed for use with rectifiers to provide a DC 
supply 
transformer specifically designed and intended to supply power electronic or rectifier loads specified according 
to EN 61378-1 

Note 1 to entry: This definition covers transformers designed for use with rectifiers to provide a DC supply in certain 
applications. 

Note 2 to entry: The term “Low-voltage winding” refers to the winding having the lowest rated voltage as per EN60076-1, 
whatever its voltage level. 

Note 3 to entry: This definition does not include: 

- transformers which are intended to provide AC from DC sources such as transformers for wind turbine and photo 
voltaic applications; 

- transformers designed for DC transmission and distribution applications. 

Therefore, they are part of the scope of this standard and shall comply with Commission Regulation (EU) No.  548/2014. 

!

3.7 
declared values 

3.7.1 
declared value of loss 
loss measured by the manufacturer and written in the test report and on the rating plate 

Note 1 to entry: This definition applies both to no load loss and to load loss. 

Note 2 to entry: Declared values and guaranteed values according to EN 60076-1 are two different concepts. Guaranteed 
values are related to contract, whereas declared values are related to compliance verifications with COMMISSION 
REGULATION (EU) No 548/2014. 

3.7.2 
declared value of electrical power required by the cooling system for no load operation 
electrical power required by fan and liquid pump motors for no load operation as derived from the test 
certificates. 

Note 1 to entry: The electrical power required by the cooling system for no load operation is not measured all the times, 
because this is a type test according to EN 60076-1. 

3.7.3 
declared value of PEI 
PEI calculated from the declared values of no load loss, load loss and power required by the cooling system for 
no load operation according to the definitions 3.6 and 3.7 and to the formula in 4.3. 
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3.8.3 
transformers specifically designed for offshore applications and floating offshore applications 
transformer to be installed on fixed or floating offshore platforms, offshore wind turbines or on board of ships 
and all kind of vessels 

3.8.4 
transformers specially designed for emergency installations 
transformer designed only to provide cover for a specific time limited situation when the normal power supply 
is interrupted either due to an unplanned occurrence such as failure or a station refurbishment, but not to 
permanently upgrade an existing substation 

Note 1 to entry: Such transformer could have some specific features that make it suitable for emergency or temporary 
use as opposed to normal use. Example of some specific features: 

multiple windings making it suitable for use at several locations; 

special low weight or dimensions for easy transport, or special capability to be disassembled into smaller units for 
transport; "

- 

- 

!

Note 1 to entry: Such units may or maybe not part of a packaged compact substation including  also MV Reclosers 
and protection equipment."

- 

- 

increased overload capability achieved by the use of special 

materials; permanent mounting on a transporter arrangement; 

3.8.5 
transformers and auto-transformers specifically designed for railway feeding 
systems transformer as defined in EN 50329 

3.8.6 
earthing or grounding transformers, this is, three-phase transformers intended to provide a 
neutral point for system grounding purposes 
transformer as defined in paragraph 3.1.10 of EN 60076-6:2008. 

3.8.7 
traction transformer 
transformer installed on board of rolling stock inserted in the traction and auxiliary circuits of rolling stock 
and in the scope of EN 60310 

3.8.8 
starting transformers, specifically designed for starting three-phase induction motors so as 
to eliminate supply voltage dips 
transformer that is de energized during normal operation, used for the purpose of starting a rotating machine 

3.8.9 
Medium Voltage (MV) to Medium Voltage (MV) interface transformers up to 5 MVA 
transformer used in network voltage conversion program and placed at the junction between two 
voltage levels of two MV networks and which needs to be able to cope with emergency overloads 
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The Peak Efficiency Index includes the losses associated with the cooling system that is in service in the no-
load condition. If additional cooling is required at the load factor where PEI occurs, then the additional cooling 
loss required for this cooling shall be computed in the calculation of PEI. Any further additional cooling and 
associated cooling loss necessary to achieve rated power is excluded. 

4 Efficiency and Efficiency Index calculation 

4.1 General 

The energy performance of a transformer can be stated in a variety of ways, principally by giving: 

a) The no-load and load losses at rated load or at a particular reference power;
b) The efficiency at a defined power factor and particular load factor, for example 50 % or 100 % of rated

load;
c) The Peak Efficiency Index and the load at which it occurs.

The general definition of efficiency raises some complications such as whether the electrical consumption of 
the cooling equipment of transformer at no-load or at a particular load shall be included in the calculation. 

For the scope of this standard the Peak Efficiency Index has been chosen to set benchmark efficiency figures 
because it does not impose a particular load factor (which may vary greatly depending on the application) and 
because it does not depend explicitly on the rated power of the transformer. Peak efficiency is an intrinsic 
parameter of the transformer that does not depend on whether the transformer has alternative ratings 
depending on cooling modes. 

NOTE 1 This applies to transformers equipped with heat-exchangers which need pumps and fans to provide heat 
dissipation (e.g. ODAF, ODWF, OFWF, OFAF, OFAN). 

NOTE 2 If the loss capitalisation method is used in the transformer procurement process, then it may be expected that 
the Peak Efficiency Index will occur at approximately the loading where the ratio between load and no-load losses is equal 
to the ratio between the capitalisation rates for load and no-load loss, except where this has been modified by the relative 
cost of reducing load and no-load losses (See Annex D). 

If different values of apparent power are assigned under different circumstances, for example, with different 
methods of cooling (ONAN/ONAF, AN/AF, etc…), all values must be reported on the rating plate and the 
highest of these values is the rated power. This applies also in case a provision for a future value of apparent 
power is made (for example future ONAF, future AF, etc…). 

!

Any evaluation of losses shall be done on continuous rated power as stated in EN60076-1. If additional 
cooling system such as fans or pumps… are used only for temporary overload conditions and not for 
continuous rating, then such overloading rating cannot be claimed to be as rated power and then not 
mentioned on the rating plate. "
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4.2 Efficiency Index general formula 

The Efficiency Index at load factor k is calculated in accordance with Formula 1: 

𝐸𝐸(k) = kSr- (P0+Pc0)−(k²Pk+Pck(k))
kSr

     (pu) (1) 

Where 

P0 is the no load loss measured at rated voltage and rated frequency, on the rated tap; 

Pc0 is the electrical power required by the cooling system for no load operation, derived from the 
type test measurements of the power taken by the fan and liquid pump motors; 

Pk is the measured load loss at rated current and rated frequency on the rated tap corrected to 
reference temperature according to EN 60076-1; 

Pck(k) is the additional electrical power required (in addition to Pc0) by the cooling system for 
operation at k times the rated load derived from the type test measurements of the power 
taken by the fan and liquid pump motors; 

Sr is the rated power of the transformer or autotransformer on which Pk is based; 

k is the load factor. 

NOTE 1 This approach respects the philosophy of EN 60076 (all parts) which refers the rated power to the rated 
voltage and current of one of the transformer windings. 

The derivation of Pck at kPEI involves establishing the total power consumption of the fans and the pumps (from 
type test measurements) and then ascribing a proportion of this total cooling loss to that required at PEI 
loading. The proportion used is the ratio of the average electrical loss of the fans and pumps used at kPEI and 
average yearly ambient temperature (20 °C unless otherwise specified) to the total electrical loss of the 
pumps and fans installed. 

If fans and pumps have variable speed drives, an additional type test measurement may be required to 
determine Pck at kPEI.  

NOTE 2 No routine measurements of cooling power consumption are required. 

For the PEI calculation, the following shall be considered. 

a) The reference temperature 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 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. 

For the scope of this document and for sake of simplicity it is conventionally assumed that: 

- the voltage and load current systems are symmetrical and sinusoidal; 
- the line voltage is equal to the rated voltage. 
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4.3 Peak Efficiency Index 

Under the assumption that the cooling at no load is sufficient to operate at kPEI (this assumption is used to 
simplify the calculation), the load factor which maximises the Efficiency Index is given by: 

kPEI=�
P0+Pc0

Pk
 (pu) (2) 

For symbols meaning refer to 4.2, Formula 1. 

The formula to be used for Peak Efficiency Index calculation is therefore Formula 3, which is obtained from 
Formula (1) by replacing k with kPEI as defined in Formula (2) and by assuming Pck(kPEI)=0: 

PEI = 1 − 2(P0+Pc0)

Sr�
P0+Pc0

Pk

 (pu) (3) 

For symbols meaning refer to 4.2, Formula 1. 

NOTE 1 Demonstration of the mathematical derivation is given in B.1. 

NOTE 2 An example is given in B.2.2. 

As mentioned in 4.1, if additional cooling is required at the load factors where PEI occurs, then the assumption 
Pck(kPEI) = 0 does not hold, then the term Pck(kPEI) shall be added to Pc0 in the formula for PEI for the 
transformers in the scope of this standard. 

PEI = 1 − 2[P0+Pc0+Pck(𝑘𝑃𝑃𝑃)]

Sr�
�P0+Pc0+Pck(𝑘𝑃𝑃𝑃)�

Pk

 (pu) (4) 

NOTE 3 An example is given in B.2.3. 

NOTE 4 The value of Formula 3 depends on the ratio 𝑆𝑟 �𝑃𝑘⁄  which does not vary significantly if Sr is changed (for 
example by changing cooling mode) provided Pk is measured at Sr. 
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