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ABSTRACT 

The EU’s minimum energy perfor-
mance standards differentiate power  
transformers by rated power, rated 
voltage and technology. The first 
two are self-evident and perfor-
mance-based. This article addresses 
whether technology is pertinent as a 
differentiator. The main differentia-

tion is between liquid-filled and dry-
type transformers. Higher losses are 
considered acceptable for dry-type 
transformers to compensate for their 
ability to fulfil certain requirements. 
This technology-based concession 
has resulted from its historical devel-
opment but hampers innovation and 
creates unfair competition. Differenti-
ation to avoid excessively high costs 

is reasonable, but a better approach 
would be to formalise the concession 
for all transformers meeting the same 
requirements. 
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Every major economy worldwide has policy 
measures in place to promote the use of energy-
efficient power transformers through MEPS, 
high-efficiency performance specifications or 
energy labelling

Angelo BAGGINI 

Technology 
neutrality 
in power 
transformer 
regulation and 
standardisation
A proposal for a general 
approach 

legislative regulations. Their number and 
importance continue to increase due to 
the greater attention given to the environ-
mental impact of human activities and the 
growing share of electricity in the energy 
mix. 

2.1 Legislative regulation

Every major economy worldwide has 
policy measures in place to promote the 
use of energy-efficient power transform-
ers through MEPS, high-efficiency per-
formance specifications (HEPS), energy 
labelling, the Chinese JB/T standard, or 
the Japanese Top Runner programme. 
MEPS apply to every power transformer 
on the market. Utilities and other custom-
ers may decide to purchase transformers 

1. Introduction

Technical solutions to improve the energy 
performance of power transformers are 
mature and commercially available. They 
are driven by minimum energy perfor-
mance standards (MEPS) mandated by 
policy measures in major countries and 
regions around the world. This article 
analyses some of the implicit assumptions 
in these policy measures, which have re-
sulted in the variation in MEPS for differ-
ent types of power transformers.

2. Current regulations and 
standards
The electrical power sector is character-
ised by its many technical standards and 
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with higher performance levels, but can-
not purchase units below MEPS. HEPS 
promote higher performance levels, but 
do not set a minimum standard, so cus-
tomers may still purchase a transformer 
with energy performance levels below the 
HEPS.

The US Department of Energy (DOE) 
has set mandatory energy efficiency stan-
dards for distribution transformers [4] 
covering liquid-filled and dry-type units, 
both single-phase and three-phase, rated 
at 60 Hz frequency and a primary volt-
age of 34,500 V or less. The power ratings 
are set between 10 and 2,500  kVA for 
liquid-immersed units and between 15 
and 2,500 kVA for dry-type units. In this 
respect, the DOE has established the fol-
lowing in the Code of Federal Regulation 
(CFR): 

•	 10 CFR Part 431 – Energy Efficien-
cy Program for Certain Commercial 
and Industrial Equipment. These reg-
ulations include energy conservation 
standards and test procedures for dis-
tribution transformers;

•	 10 CFR Part 429 – Certification, 
Compliance, and Enforcement for 
Consumer Products and Commer-
cial and Industrial Equipment. These 
regulations cover statistical sampling 
plans, certified ratings, certification 
reports, record retention, and en-
forcement.

MEPS refer to 10 CFR 431 and are differ-
entiated by rated voltage, rated power and 
technology [5].

The European Commission adopt-
ed Regulation (EU) No. 548/2014 [2] 
on 21  May  2014, which implemented 
Directive 2009/125/EC on Ecodesign 
for small, medium, and large pow-
er transformers. The regulation ap-
plied to transformers put into service 
from 1  July  2015 and purchased after 
11  June  2014 with a minimum power 
rating of 1 kVA, designed for a frequency 

of 50  Hz and used in transmission and 
distribution networks or in industrial 
applications. Energy performance re-
quirements have been defined according 
to the types of transformers identified in 
the regulation. The Ecodesign MEPS are 
introduced in two phases, the first set 
of requirements entering into force on 
1 July 2015 and the second, more strin-
gent set of requirements on 1 July 2021. 
The main basic MEPS are based on the 
IEC 60076 series of standards and are 
differentiated by maximum voltage 
(Um), rated power, and technology [1]. 
Article  7 of the Amending Regulation 
2019/1783 [3] mandated a review no lat-
er than 1 July 2023 to address a series of 
issues, including ‘the possibility to adopt 
a technology-neutral approach to the 
minimum requirements set out for liq-
uid-immersed, dry-type and, possibly, 
electronic transformers’.

2.2. Technical standardisation

The current legislative regulations ad-
dressing power transformers are based 
on applicable technical standards result-
ing from historical development. The ex-
panding range of transformer technolo-
gies meant that new standards were added 
to ensure that all types were covered. As a 
consequence, standards are structured by 
technology, as are the regulations based 
on those standards. This has led to dif-
ferences in the regulatory approach and 
minimum energy performance require-
ments depending on the transformer 
technology.

The set of international standards cov-
ering power transformers is published 
under IEC 60076. It is prepared and 
maintained by IEC Technical Commit-
tee 14, which is responsible for standards 
for power transformers, tap-changers, 
and reactors for use in power gener-
ation, transmission and distribution. 
The IEC convened a technical commit-
tee to develop a guiding specification 
on energy performance levels for power 

transformers. The published specifica-
tion, IEC TS 60076-20:2017(E), states 
its objective as: ‘to promote a higher 
average level of energy performance for 
transformers’ due to the ‘need for ener-
gy saving and reduction of the emission 
of greenhouse gases’. It proposes three 
methods of evaluating a transformer’s 
energy performance:

•	 the Peak Efficiency Index (PEI), which 
implicitly minimises the Total Cost of 
Ownership (TCO);

•	 the no-load and load losses at rated 
power, mainly leading to an efficiency 
optimisation of transformer cores and 
coils for units produced in large vol-
umes; and

•	 the efficiency at a defined power factor 
and particular load factor (typically 
EI50, i.e. at 50 %).

Each method is then further specified 
with reference to IEC and IEEE practices, 
resulting in a total of 2 x 3 = 6 alternative 
methods. In the technical specification, 
the IEC recommends two levels of re-
quirements for each of these methods. 
Level  1 relates to basic energy perfor-
mance, and level 2 relates to high energy 
performance.

3. Main MEPS comparison

As discussed in the previous paragraph, 
current MEPS are different depending 
on the transformer technology. The main 
difference reflected in the MEPS is based 
on whether transformers contain liquid 
insulation or not. Table 1 compares the 
required energy performance of cor-
responding dry-type and liquid-filled 
transformers, as stipulated in Regulation 
(EU) No.  548/2014. It shows the ratio 
between maximum-load losses and no-
load losses allowed for dry-type trans-
formers and those allowed for liquid-im-
mersed transformers under Tier  1 and 
Tier 2 of Regulation (EU) No. 548/2014. 
The figure ranges between 0.8 and  
2.86.

4. Need for a technology-
neutral approach
The absolute values of minimum energy 
performances were set based on preparato-
ry studies analysing the available technolo-
gies, market needs, and the current popula-
tion of power transformers (for an example 
of an EU preparatory study, see [7]).

IEC TS 60076-20:2017(E) states its objec-
tive as: ‘to promote a higher average level of 
energy performance for transformers’ due 
to the ‘need for energy saving and reduction 
of the emission of greenhouse gases’
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MEPS required for power transformers 
decrease with voltage and increase with 
rated power. In case of increasing volt-
age, this approach balances the increase 
in unit dimensions and weight due to the 
additional need for electrical insulation. 
In case of decreasing rated power, it bal-
ances the relative increase in manufactur-
ing material required to achieve energy 
savings. In the author’s view, this type of 
differentiation is needed since it balances 
the various performance requirements. 
Under the current regulation, however, 
MEPs imposed on liquid-filled power 
transformers also differ from the ones im-
posed on dry-type units for the same volt-
age and rated power. This approach was 
recommended in the preparatory studies 
with the aim of avoiding excessively high 
costs where specific performance levels – 
such as fire-safe behaviour and leak-proof 
design – were required. Higher losses 
were accepted to facilitate the alternative 
design or technology needed to achieve 

these performance levels. While this aim 
was reasonable, the mitigation of MEPS, 
as currently formulated, applies only to 
dry-type technology instead of being for-
malised for all transformers exhibiting 
the requisite performance, no matter the 
technology used. Dry-type technology 
was probably the only technology avail-
able for achieving the required fire be-
haviour at the time when the regulatory 
process started.

By taking a technology-based approach 
for a goal that is, in principle, perfor-
mance-based, unfair competition be-
tween technologies was introduced.

Most power transformers manufactured 
today are made of conventional materials 
and fit into the current approach, but the 
electrical energy sector in general, and pow-
er transformers in particular, are expected 
to see significant changes in the near future:

•	 New technologies are emerging or 
are expected to emerge, providing 
the same performance that had been 
exclusive to one particular technol-
ogy until recently. Examples include 
electronic power transformers and es-
ter-insulating liquids.

•	 There is now a greater focus on per-
formance factors other than energy 

MEPs imposed on liquid-filled power trans-
formers differ from the ones imposed on 
dry-type units for the same voltage and  
rated power

Table 1 – The ratio between maximum-load losses and no-load losses allowed for dry-type transformers under Tier 1 and Tier 2 of Regulation (EU) No 
548/2014, and those allowed for liquid-filled transformers (ref. single- or three-phase, 50 Hz, 2 windings, MV Um ≤ 24 kV, LV Um ≤ 1.1 kV, OLTC range ≤ 5 %).
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efficiency, including sustainability, fire 
behaviour, noise, maintainability, and 
material efficiency and recyclability.

•	 Minimum performance levels are up-
dated continuously, becoming increas-
ingly demanding.

•	 New, special application areas, such as 
smart grids, are appearing on the market.

A regulation which limits concessions to 
only some technologies hampers inno-
vation. Manufacturers are discouraged 
from developing alternative technologies 
to achieve the required performance be-
cause these technologies are artificially 
disadvantaged by law. To avoid such 
market distortion, the ISO/IEC Direc-
tives formulated the performance prin-
ciple: ‘whenever possible, requirements 
shall be expressed in terms of perfor-
mance rather than design or descrip-
tive characteristics like a technology’ [6, 
chapter 5.4].

A classic example revealing the conse-
quences of neglecting this principle is the 
design of castor-wheeled and swivelling of-
fice chairs. In the 1950s, when these prod-

ucts came on the market in greater vol-
umes, stability was a concern. When using 
four-legged office chairs especially, users 
tended to tip the chair over when reach-
ing for something. The test standard did 
not design a stability test for office chairs. 
Instead, it simply prescribed that all cas-
tor-wheeled office chairs should have five 
legs. But this inevitably stifled any innova-
tive ideas for alternative ways to resolve the 
stability issues, and, in fact, there has been 
no innovation in this field since.

Conversely, if mobile phone standards had 
limited their application to wireless phones 
with physical buttons, the smartphone 
would never have entered the market.

The concession of allowing higher ener-
gy losses was a way of facilitating anoth-
er equally important performance factor 
and must therefore not be abandoned but 
rather reformulated.

To follow the technology-neutral princi-
ple in the case of fire behaviour, to give just 
one example, the following actions would 
be required:

•	 Defining “a transformer with increased 
fire safety” in an unambiguous, tech-
nology-neutral way, for example as a 
power transformer in which flamma-
bility is restricted and the emission of 
toxic substances and opaque smoke is 
minimised.

•	 Developing technical standards that set 
maximum levels of flammability, emis-
sion of toxic substances and opaque 
smoke, as well as corresponding tests1 
covering all the technologies.

Currently, such a standard is available 
only for dry-type transformers. This 
would continue to be, for the moment, the 
only transformer type to benefit from en-
ergy performance concessions in the pro-
posed new regulatory system. However, 
by naming and defining this class of con-
cession based on how it performs rather 
than the technology on which it is based, 
a historical error would be rectified, and 
potential future innovation would not be 
hampered.

A similar approach would have to be fol-
lowed for other aspects of performance 
where:

•	 modified design or technology is re-
quired;

•	 combining the modified design with 
minimum energy performance levels 
(and, in the future, possibly with other 
Ecodesign requirements such as mate-
rial efficiency) is technically impossible 
or would be too costly.

The ISO/IEC Directives formulated the  
performance principle: ‘whenever possible, 
requirements shall be expressed in terms of 
performance rather than design or descrip-
tive characteristics like a technology’

1 For the present, available in the power transformer sector, IEC 60076-11:2018 Power transformers - Part 11: Dry-type transformers.
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In general, this technology-neutral ap-
proach should be used to balance Ecode-
sign requirements with other perfor-
mance factors. It should be taken into 
account when evaluating the adequacy 
of all upcoming regulatory documents 
and technical standards2. The choice of 
performance factors to be included would 
first require rigorous investigation and 
diligent deliberation and might include – 
but not necessarily – fire-safe behaviour, 
internal arc safety, leak-proof design, and 
noise restriction, among others. 

A technology-neutral approach and har-
monised test procedures facilitate techno-
logical innovation and provide fair trade 
conditions. Well-designed regulations 
and standards encourage trade, the exe-
cution of conformity assessments, per-
formance level comparisons, technology 
transfer, and the adoption of best prac-
tices. Governments, as much as manu-
facturers, stand to gain from neutral, har-
monised, consistent, and stable standards. 
Benefits to governments include:

•	 lower development costs for test meth-
ods;

•	 comparative test results; 
•	 the ability to incorporate innovative 

technical solutions; 
•	 reducing the number of exceptions in 

regulations; 
•	 the ability to adopt a common set of 

upper thresholds that can be used for 
market pull programmes, such as la-
belling and incentive schemes; and 

•	 faster and less costly testing – for com-
pliance and other purposes — since 
harmonised testing leads to a wider 
range of laboratories able to conduct 
product testing. 

For manufacturers, having one harmon-
ised test method with specified mea-
surement uncertainties used by markets 
around the world will reduce testing costs 
associated with demonstrating regulatory 
or product labelling compliance. In an 
ideal world, every manufacturer would al-
ways conduct exactly the same tests in ex-
actly the same way, and the results would 
be universally accepted as being accurate 
and representative of the performance of 

A technology-neutral approach and  
harmonised test procedures facilitate  
technological innovation and provide fair 
trade conditions

their product. A harmonised test meth-
od also means they can look forward to 
long-term rewards for innovative product 
designs. 

Having a consistent test method encour-
ages national governments to establish 
harmonised energy efficiency thresholds 
broad enough to encompass all current 
market circumstances, as well as aspira-
tional efficiency thresholds as pointers for 
future market development. 

Table 2 illustrates a possible scheme for 
implementing a technology-neutral ap-
proach.

As can be seen, MEPS could be defined 
based on the requisite performance, not 
on the technology itself. A given perfor-
mance can be provided by multiple tech-
nologies. The market will deliver all those 
technologies which comply with both the 
requisite performance and the required 
MEPS level while offering the right attri-

butes to the user (cost, lifespan, mainte-
nance…).

5. Conclusions

The analysis demonstrates that: 

•	 current legislative regulations address-
ing power transformers are based on 
applicable technical standards;

•	 these technical standards have been 
developed on a technology basis;

•	 this approach was adopted based on 
preparatory studies analysing the 
available technologies, market need, 
and the existing population of power 
transformers and aimed to avoid the 
disproportionately higher cost in cas-
es where particular aspects of perfor-
mance – such as fire-safe behaviour 
and leak-proof design – were required;

•	 this aim was reasonable, but the way 
the mitigation was formalised intro-
duced a technology bias;

•	 energy performance requirements are 

Table 2. Scheme for a possible technology-neutral approach

Requisite performance MEPS Applicable technologies

No particular requirement Level 1
Liquid-filled, dry-type,  
and other emerging 

technologies

Fire performance without the 
presence of people Level 2 Dry-type and other  

emerging technologies

Fire performance/explosion 
proof (involving the presence 

of people)
Level 3 Dry-type, other emerging 

technologies

No environmental damage in 
case of leakage Level 4 Ester-filled, dry-type, and 

other emerging technologies

Low noise Level 5
Oil-filled, ester-filled, dry-
type, and other emerging 

technologies

… … …

2 From “ISO/IEC GUIDE 77-2:2008 Edition 1.0 (2008-09-01): Guide for specification of product properties and classes - Part 2: Technical principles and guidance / 
Introduction”: “The capability to characterize products in an abstract way, independently of any particular manufacturer, is a fundamental aspect of engineering knowledge. 
Such a characterization is done by the name of a category of products that fulfils the same function, […]. Such a category is called a characterization class. This first level of 
characterization is further detailed by means of some property-value pairs, which describe more precisely the target product within its characterization class. Examples of 
such properties are inner diameter, threaded length and capacitance.”
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The market will deliver all those technologies which comply with both 
the requisite performance and the required MEPS level while offering 
the right attributes to the user (cost, lifespan, maintenance…)

reduced for only one particular technol-
ogy instead of these lower requirements 
being formalised for any transformers 
providing the required performance, no 
matter the technology used.

In the context of legislative regulations 
and technical standardisation of power 
transformers, the approach should be up-
dated to one that is technology-neutral.

•	 MEPS should be differentiated based on 
other performance attributes of the unit;

•	 Performance should be classified in a 
technology-neutral way;

•	 A harmonised way to test each perfor-
mance aspect should be developed.

This will:

•	 stimulate innovation;
•	 prevent unfair competition between 

technologies included in the legislation;
•	 define the limits and application do-

mains of exemption categories;
•	 avoid major deployment of applica-

tions that escape standards and create 
an unfair market.

Adopting a technology-neutral approach 
to transformer MEPS is mentioned 
among the aspects to be considered in the 
upcoming review of EU Regulation No. 
548/2014. To develop such an approach 
for the case of fire behaviour, to give just 
one example, the following actions would 
be required:

•	 Defining “a transformer with increased 
fire safety” in an unambiguous, tech-
nology-neutral way, for example, as a 
power transformer in which flamma-
bility is restricted and the emission of 
toxic substances and opaque smoke is 
minimised;

•	 Developing technical standards that 
set maximum levels of flammabili-
ty, emission of toxic substances and 
opaque smoke, as well as correspond-
ing tests covering all the technologies.

Such a standard is currently only available 
for dry-type transformers. This would 
continue to be, for the moment, the only 

transformer type to benefit from energy 
performance concessions in the proposed 
new regulatory system. However, by nam-
ing and defining this class of concession 
based on how it performs rather than the 
technology on which it is based, a histori-
cal error would be rectified, and potential 
future innovation would not be hampered.

A similar approach would have to be fol-
lowed for other aspects of performances 
where:

•	 modified design or technology is re-
quired;

•	 combining the modified design with 
minimum energy performance levels 
(and, in the future, possibly with other 
Ecodesign requirements) is technically 
impossible or would be too costly.

In general, this technology-neutral ap-
proach should be used to balance Ecode-
sign requirements with other perfor-
mance factors. It should be taken into 
account when evaluating the adequacy of 
all upcoming regulatory documents and 
technical standards. The choice of per-
formance factors to be included would 
first require rigorous investigation and 
diligent deliberation and might include – 
but not necessarily – fire-safe behaviour, 
internal arc safety, leak-proof design, and 
noise restriction, among others.
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