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ABSTRACT 

Based on the environmental targets of the European 
Union, a Regulation for “Small, Medium and Large 
Power Transformers” was issued in 2014. The 
Regulation also applies for dry-type transformers which 
need to fulfill requirements for either maximum values for 
losses or minimum values of efficiency. Dry-type 
transformers do not contain any inflammable liquids, 
they are safe and reliable and expected to strongly 
increase their market penetration. All transformers newly 
put into service after July 2015 in an EU or EEA country 
need to fulfill the requirements. The paper presents the 
background of the Regulation and its major content, 
compares differences in the requirements for DTs and 
PTs, and gives an overview about transformers which are 
not falling under the EU Regulation.  
A direct implication of the Regulation is that 
transformers with lower losses are larger and more 
costly. A comparison is done for a dry transformer, 
including an analysis on the economic aspects. First cost 
and cost of operation are considered and evaluated. Due 
to different electricity costs and investment 
considerations the analysis depends on country and 
application. The comparison is complemented with a dry 
transformer of best available technology. The paper 
finishes with a global overview about the requirements on 
transformer efficiency. 

INTRODUCTION 

A continual growth in population, the worldwide 
population is expected to become 8 Billion in 2020, 
together with a strong trend of using increased amounts 
of energy in the form of electricity, e.g. by electric cars, 
heat pumps, etc., cause an annual increase of several 
percent of the global electricity demand. This requires on 
one hand significant investments in power generation and 
T&D installations and causes on the other hand the global 
CO2 emissions to rise, with undesirable effects on 
climate. Moving towards more energy-efficient com-
ponents in the power network is an important mitigation.  
Electric energy normally passes on the way from 
generation to consumer several transformers. Although 
individual transformers mostly do have high energy-
efficiency, in total the transformers nevertheless cause a 
few percent of energy losses in the T&D chain. 
Worldwide various programs are on-going dealing with 
transformer losses. Also the European Union has recently 
introduced a Regulation for transformer losses 
(Commission Regulation No 548/2014 [1]).  

ECODESIGN DIRECTIVE AND ENERGY 
SAVING 

The European Parliament and the Council have passed in 
2005 the Directive 2005/32/EC which is “establishing a 
framework for the setting of Ecodesign requirements for 
energy-using products”. A substantially amended version 
of the Directive was passed in 2009. The title of this 
Directive 2009/125/EC was changed to “…energy-related 
products” making it more evident that the Directive also 
applies to “energy transferring” products, and concerns 
therefore also transformers (Ecodesign Directive, [1]).  
The Directive addresses products that account for a large 
proportion of the consumption of natural resources and 
energy. Many of those products have a significant poten-
tial for being improved in order to reduce environmental 
impacts and to achieve an energy efficiency improvement 
through better design. A number of regulations on 
implementing this directive are already adopted, i.e. on 
vacuum cleaners, refrigerators, dishwashers, air conditio-
ners, electric motors and lamps. 
The European Commission put the Belgium research and 
consultancy centre VITO and the French environmental 
consultancy company BIOIS in charge to perform during 
2009-10 a study for preparing the implementation of the 
Ecodesign Directive related to power and distribution 
transformers [3]. This study showed that energy loss in 
the use phase is the most significant environmental aspect 
that can be addressed through product design. The study 
evaluated the feasibility and potential of transformer 
technologies with lower losses and proposed the usage of 
maximum values for no-load loss and load loss. The total 
energy demand in the EU countries is shown in Table 1. 
 

Year 1990 2005 2020 
Final Consumption (TWh) 2’072 2’772 3’432 
Network Losses (TWh) 156 199 241 
Total EU-25 (TWh) 2’228 2’973 3’673 

Table 1: Energy Demand in EU-25 [3] 
 

The total losses of the transformers fleet in the EU27 in 
2008 amounted to 93 TWh per year [2], which is in the 
order of 3% of the total energy demand. The cost-
effective improvement potential through more efficient 
designs has been estimated to be about 16 TWh per year 
2025, which corresponds to 3.7 Mt of CO2 emissions 
[2,3] and approx. half of the total electricity consumption 
of Denmark in 2007. The amount of transformers 
installed in the EU is shown in Table 2 while Table 3 
shows typical operation characteristics [3] for different 
types of transformers.  
The typical lifetime of a transformer ranges between 25 
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and 40 years, but can also be much longer. The figures 
demonstrate that the complete substitution of the existing 
transformer fleet in the EU with new and more efficient 
transformers will take several decades. 

 Total EU-27 
Distribution & industrial transformers 5’040’000 
Power transformers  65’500 
Annual total sales of DTs and PTs 250’000 

Table 2: Total number of transformers installed in 2009 
in EU-27 and annual market [3] 

Transformer type Load Factor Lifetime [years] 
Distribution (oil) 15% 40 
Industry (oil) 30% 25 
Industry (dry) 30% 30 
Power 20% 30 

Table 3: Typical load factor and lifetime of transformers  

EU-REGULATION FOR TRANSFORMERS 

Based on the high impact of transformer Ecodesign 
requirements for a reduction of CO2 emissions, the 
European commission decided to establish a Regulation 
for power transformers (No 548/2014) in order to 
implement the Ecodesign Directive. It was published by 
the European Union [2] and is in force since June 2014. 

Scope and Timeline 
The scope of the regulation covers all transformers with a 
minimum power rating of 1 kVA, used in 50 Hz 
electricity transmission and distribution networks or for 
industrial applications. It affects all transformers placed 
on the market or put into service in an EU or EEA 
country that are purchased after June 2014, whereby the 
specific Ecodesign requirements need to be fulfilled for 
all transformers put into service after July 1, 2015 (tier 1). 
Tighter requirements will apply from July 2021 (tier 2). 
The Regulation applies to “small power transformers” 
(highest voltage for equipment <1.1 kV), “medium power 
transformers” (distribution transformers 1.1-36 kV and 
5 kVA-40 MVA) and for “large power transformers” 
(>36 kV or >40 MVA). No requirements with respect to 
losses or efficiencies are defined for small power 
transformers.  

Exceptions  
A number of exceptions are defined in the regulation. The 
total energy consumption and saving potential of such 
transformers is negligible compared to other transformers 
[2], but application-specific technical requirements make 
them differ from standard DTs or PTs. It has to be noted, 
that even though a transformer is excluded due to 
exceptions, the product information required by the 
regulation has to be nevertheless provided. Table 4 shows 
an overview of the exceptions. 
An example of excluded transformers are “transformers 
with low-voltage windings specifically designed for use 
with rectifiers to provide DC supply”. These transformers 
are defined by the scope of the IEC 61378 and IEC 60146 

Instrument transformer 
Earthing or grounding transformer 
Transformer feeding rectifiers or converters 
Furnace transformer 
Welding transformer 
Transformer for offshore and marine applications 
Transformer for deep-water applications (submerged) 
Transformer for railway-feeding systems 
Traction Transformer mounted on  rolling stock 
Explosion proof and underground mining transformer 
Transformer for test lab applications 
Transformer for emergency installations 
Starting transformer (e.g. for starting three-phase 
induction motors) 
MV to MV interface transformer up to 5 MVA 
Large PT, technically not feasible to reach ecodesign 
Large PT replacements, requiring disproportional 
transportation and/or installation costs 

Table 4: Exceptions from scope of the EU Regulation [2] 
 

series. They are for example placed at the rectifier side of 
a converter and are especially designed to supply 
converter applications. They are excluded because of the 
extra losses due to harmonic currents, multi-winding 
designs and requirements for grounding shields. Note that 
a transformer placed at the output of a converter (inverter 
side) is not excluded. This is for example the case for 
step-up transformers of PV plants, unless they would fall 
under the MV to MV interface transformer exception. 
Another exclusion is applied to “transformers specifically 
designed for offshore applications and floating offshore 
applications”. This covers all transformers designed for 
any application “off shore”, which means the open sea. 
Thus it covers off-shore platform, off-shore wind farms 
or transformer designed for the operation on a marine 
vessel. 

Ecodesign-Requirements for transformers  
The requirements given in the regulation are either 
maximum load loss and no-load loss or a minimum “Peak 
Efficiency Index” (PEI). The definition of the PEI is [2]: 

                            
where Po (W) is the no-load loss, measured at rated 
voltage. Pco (W) is the electrical power required by the 
cooling system for no-load operation. Pk [W] is the 
measured load loss at rated current corrected to the 
reference temperature. Sr [VA] is the rated power of the 
transformer on which Pk is based. The peak efficiency 
occurs at a load factor where the no-load loss equals the 
load loss. 
In Figure 1 and Figure 2 the maximum no-load loss and 
load loss for transformers with one winding with Um ≤ 24 
kV and the other one with Um ≤ 1,1 kV are given. 
The maximum losses can be increased by up to 20% in 
case of higher primary or secondary voltage, dual voltage 
transformers, or with on-load tap changer. Details are 
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given in [2]. Comparing dry and liquid-immersed 
transformers shows that the maximum load loss is very 
similar, partly even lower for dry transformers. Due to 
the larger dielectric clearances in air compared to oil, the 
no-load loss is higher for dry transformers.  

 
Figure 1: Maximum no-load loss for dry and liquid-
immersed transformers for different power ratings [2] 

 
Figure 2: Maximum load loss for dry and liquid-
immersed transformers [2] 
 

This is also the reason for the lower minimum PEI values 
for large power dry transformers compared to liquid 
immersed ones (Figure 3). Dry large power transformers 
are commercially available with voltage up to 72.5 kV 
[4]. 

Tolerances 
It has to be noted that no tolerances on the Ecodesign 
requirements are allowed. If a measured loss value or the 
corresponding PEI value is above the maximum load 
loss, no-load loss or the below the minimum PEI value as 
required by the regulation, the transformer is not in 
conformity to the latter. 
The tolerances defined in the IEC60076 series only apply 
if losses or PEI values are agreed between purchaser and 
manufacturer that are below the maximum loss values or 
above the minimum PEI values of the regulation so that 
the measured loss or PEI values will not exceed the limits 
given in the regulation [2]. 

Product information 
Directive and Regulation require that certain product 
information is provided for all transformers in the scope 
of the regulation, even if they are on the list of excluded 
transformers [2,3]. From July 1, 2015 the information 
shall be included in any related product documentation. 
Besides the typical information like losses, PEI, etc., it 
has to contain information on the weight of all main 

components of the transformer, including at least the 
conductor, the nature of the conductor and the core 
material. A technical documentation needs also to be 
provided with the information above, together with the 
manufacturers name and address and the identifier (serial 
no.) of the transformer. The manufacturer also has to 
make product information available on a free access 
website. 

 
Figure 3: Minimum “Peak Efficiency Index” (PEI) for 
dry and liquid-immersed transformers (>36kV) [2] 

CE Marking 
The Ecodesign Directive requires that for products which 
comply with a specific implementing measure (regula-
tion), a Conformity Declaration is issued and a CE 
Marking is placed on the product [1]. With Regulation 
548/2014 this now also applies for all transformers for 
which Ecodesign requirements exist. In contrary, for 
transformers which are excluded in the regulation (Table 
4) and for which no Ecodesign requirements are defined 
and no other EU regulation or directive exists, it is not 
allowed to apply a CE marking. The conformity assess-
ment has to be done in accordance to the procedures 
described in Annex IV or V of the Directive [1]. 

HARMONIZED STANDARDS 

The European standardization body (CEN-CENELEC) 
got the task to prepare harmonized standards for the new 
Regulation. Two drafts for standards have been written 
and are expected to be accepted by May 2015: EN50588-
1 for “transformers with highest voltage for equipment 
not exceeding 36 kV” and EN50629 for “transformers 
with highest voltage for equipment exceeding 36 kV or 
exceeding or equals a power rating of 40 MVA”. In 
addition to the Ecodesign requirements, these standards 
give additional guidance, with respect to optimization of 
transformer losses according to the application, the 
capitalization of losses and the total cost of ownership 
(TCO) approach, the required rating plate information 
and further explanation of definitions and requirements. 

Additional loss classes 
EN50588-1 specifies an additional class for no-load loss 
in order to describe also transformers with the best 
available technology. This class is called “AAA0” having 
no-load loss of about 50% of the one of Tier 1 of the 
Regulation (Figure 4). The regulation also refers to the 
best available technology on the market in its Annex IV. 
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Figure 4: No-load loss for the classes A0 (=Tier 1) and 
AAA0 of dry-type and liquid immersed transformers 
 

This large reduction in no-load loss is obtained due to the 
use of amorphous core steel. Such products are com-
mercially available since several years for dry and liquid-
immersed transformers [5]. To ensure the long-term 
reliability of AAA0 transformers, EN50588-1 defines 
special requirements for short circuit withstand testing. 

IMPLICATIONS OF LOSS REDUCTION 

Impact on size and weight 
The disadvantage of reduced transformer loss is the need 
for an increased amount of material or the usage of more 
expensive materials. The no-load loss of a transformer 
can be reduced by either increasing the core cross-
section, reducing the magnetic flux density, or by using 
electrical steel of a higher, more expensive grade. The 
load loss is reduced by increasing the cross section of the 
conductor or by replacing aluminum by copper 
conductor. Transformers in compliance with the EU 
Regulation are therefore mostly larger, heavier and more 
costly compared to standard transformers as used in the 
past. Requirements for dimensions and weight carrying 
capacity of transformer rooms as well as purchase 
budgets need to be adjusted accordingly. On the other 
hand the requirement for cooling decreases. 
Table 5 illustrates this fact by comparing design values 
for a 1000 kVA/20 kV dry transformer (uk=6%, Al 
winding). Reference temperature for the load loss is 
120°C. Before the EU Regulation is getting effective, the 
losses of the majority of dry transformers is according to 
the least demanding no-load (Co) and load loss (Bk) class 
of EN 50541-1. In the design for Tier 1 and 2, the same 
grade of electrical steel is used. The increase in weight is 
significant. By using better core steel grades, weight and 
dimensions of the Tier 1 and 2 transformers can be 
reduced. The table also contains the data of the presently 
best, commercially available technology, which is an 
EcoDry Ultra transformer with amorphous core. 

Ecological and economic impact 
While the major target of the Ecodesign Directive is to 
improve the environmental performance of energy-related 
products, as a side effect, it also results in an 
economically positive impact, provided that an evaluation 
of the costs of the transformer losses occurring during its 
lifetime is included in the consideration.  

 
Table 5: Comparison of 1000kV/20kV dry transformers 
 

In [6,7] it was shown that the contribution of the use 
phase dominates the environmental impact of a trans-
former. A reduction of losses considerably improves its 
environmental performance for all environmental criteria, 
despite of the additional amount of material. (Figure 5). 

 
Figure 5: Relative environmental impact of a best 
available technology EcoDry transformer compared to a 
standard transformer with CoBk losses (from [6]) 
 

Table 6 presents the annual energy loss of 1000 kVA 
transformers at 40% load, typical for an industrial 
application with redundant supply by two transformers. 
The Tier 1 transformer gives a 26% reduction of the 
losses and the best available technology reduces them 
even by 50%. The calculation of the equivalent CO2 
emission uses the CO2 emission factor of 0.4 kg/kWh of 
the EU electricity mix. The annual equivalent CO2 
emission corresponds to an equivalent of several 
thousand liter of burned Diesel fuel.  

 
Table 6: Annual energy loss, equivalent CO2 emission, 
equivalent amount of Diesel fuel and related savings 
 

The monetary value of the energy savings depends on the 
electricity costs. Figure 6 shows the annual costs of the 
transformer losses for different electricity costs. The 
reduced losses result in annual savings in operation costs 
of 800-3’000 EUR, depending on country and 
transformer technology. Figure 7 shows electricity costs 
for industrial customers in different European countries. 
Electricity costs of about 0.08 EUR/kWh represent 
countries with the lowest costs like SE, FI, PL, or CZ. 
Countries like PT, SK, ES and UK have costs of around 
0.12 EUR/kWh, while for IT, CY and MT they are above 
0.17 EUR/kWh. ES and UK have costs of around 
0.12 EUR/kWh, while for IT, CY and MT the costs are 

standard best avail.
EN 50541-1 Tier 1 Tier 2 EcoDry

CoBk AoAk Ao-10%Ak Ultra
No-load loss W 2'300 1'550 1'395 760
Load loss (120°C) W 11'000 9'000 9'000 8'050
Length mm 1'640 1'780 1'820 1'950
Width mm 850 880 900 980
Height mm 1'820 1'870 1'920 2'230
Weight kg 2'450 3'200 3'600 4'400

EU Regulation
unitCharacteristics

standard best avail.
EN 50541-1 Tier 1 Tier 2 EcoDry

CoBk AoAk Ao-10%Ak Ultra
energy loss kWh 35'566 26'192 24'835 17'940

saving kWh -9'373 -10'731 -17'625
CO2 eq. kg 14'226 10'477 9'934 7'176
Diesel fuel eq. liter 5'389 3'969 3'763 2'718

saving liter -1'420 -1'626 -2'670

EU Regulation
annual values unit
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above 0.17 EUR/kWh. 

 
Figure 6: Annual costs of energy losses of a 1000 kVA 
transformer at 40% load, for different electricity costs 

 
Figure 7: Average electricity prices for industry (no 
VAT, 0.5-2 GWh/yr, H1/2014; source: EUROSTAT) 
 

Since the costs of the energy losses are occurring in 
future, their Present Value (PV) has to be calculated for a 
correct investment consideration. Figure 8 shows the 
results of the PV calculation of the savings. Reference is 
a standard BoCk transformer. Two different typical 
investment conditions are assumed: 1) an industrial 
production line with WACC= 10%, n=8 years, and 2) a 
commercial building with WACC=7%, n=20 years. The 
resulting PV varies between 4’000 EUR and 
32’000 EUR, meaning that in a country like Italy an 
EcoDry transformer can be up to 32’000 EUR more 
expensive than a standard transformer. 
 

 
Figure 8: Present value of energy savings for 1000 kVA 
dry transformers according to the EU Regulation and of 
the best available technology compared to a standard one 

GLOBAL REQUIREMENTS  
Legal requirements for transformer losses are new for 
Europe, but exist already in other countries [7]. For dry 
distribution transformers, the US, Canada, Korea, Japan, 
Australia, New Zealand and Israel have minimum energy 
efficiency requirements. The US introduced its regulation 
in 2010. Per 2016 more demanding values are applying, 
e.g. increasing from 98.99% to 99.11% for a 1 MVA 
transformer. Rectifier and drives transformers are also 
excluded from the US regulation. China has requirements 

for maximum no-load and load loss, with zero upward 
tolerance. China also specifies additional classes with 
lower loss for amorphous (AM) transformers.  
Figure 9 compares the requirements of some important 
countries at 50% load. The 50% load reference allows 
simple comparison, but does not help to optimize 
transformers according to their average load in a specific 
application and undervalues the importance of a low no-
load loss. 

 
Figure 9: Comparison of minimum efficiency require-
ments for dry transformers in different countries  

SUMMARY AND CONCLUSIONS 

Ecodesign requirements apply for all oil-filled and dry-
type transformers newly put into operation in an EU 
country after July 1, 2015. The transformers need to 
fulfill maximum loss or minimum efficiency 
requirements and the manufacturers need to provide 
additional product information. Transformers for special 
applications, like instrument transformers, converter 
transformers, or transformers for railway and marine 
applications are excluded from the EU Regulation. 
Transformers compliant with the EcoDry regulation are 
larger, heavier and more expensive than the standard 
transformers used so far. However, as shown for a 
1000 kVA dry transformer, the environmental benefit and 
the reduction in life cycle costs is substantial and can also 
economically be very beneficial. The comparison is 
complemented with the best available technology. 
REFERENCES 
[1] Official Journal European Union, L 152, p 1-15 
[2] Official Journal European Union, L 285, p 10-35  
[3] VITO, ErP Study: Lot 2 Distribution and Power 

Transformers 2010/ETE/R/106, January 2011 
[4] M. Carlen et al, 2014, “Dry-type subtransmission 

transformer”, CIGRE, Paris, Aug. 2014  
[5] M. Carlen et al., “Ultra high efficiency distribution 

transformers”, IEEE-PES Conference, New Orleans, 
Apr 2010 

[6] M. Carlen et al, “Life cycle assessment of dry-type 
and oil-immersed distribution transformers with 
amorphous metal core”, paper 1145, Proceedings 
21st CIRED conference, Frankfurt, 6.-9. June 2011 

[7] SEAD Distribution Transformers, Part 1:, 2013 
http://www.superefficient.org/distributiontransformersreport 


