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EXECUTIVE SUMMARY  

VITO and BIO IS performed  this  study for preparing the implementation of the new 

Ecodesign or Energy Related Products (ERP) Directive (2009/125/EC) related to power 

and distribution transformers, on behalf o f the European Commission (more info 

http://ec.europa.eu/enterprise/eco_design/index_en.htm ).  The in formation provided 

herein can serve  to prepare for subsequent phases, including conduct ing an impact 

assessment on policy options, to prepare a paper for the Consultation Forum and finally 

draft regulation for the Regulatory Committee. Those phases are to be carried out by 

the European Commission.  

 

The study has followed the European Commiss ionôs MEEuP methodology and consists of 

seven Tasks:  

1.  Definition  

2.  Economic and market analysis  

3.  User Behaviour  

4.  Assessment of Base -Case 

5.  Technical Analysis BAT and BNAT  

6.  Improvement Potential  

7.  Policy and Impact Analysis  

This underlyi ng report is the draft final  Task  Report  for Tasks 1 to 7 . The chapter 

structure follows the seven Tasks structure . 

 

In a multi - stakeholder consultation, a number of groups an d experts provided 

comments on several  preliminary draft s of this report. The report was then revised, 

benefi ting from stakeholder perspectives and input. Three stakeholder meetings were 

therefore organised. Stakeholder commented  on Task s 1 t o 3 three times, twice on 

Task s 4 and 5 and once on T ask s 6 and 7.   Three  enquiries were organised and data is 

included in the annexes of this report. For this draft  final  version stakeholders are 

invited to comment o n task 7 on  policy measures and impact . Stakeholders can still 

comment on any task :  th ese comments will be grouped and sent to the EC and can be 

taken into account in the exten t  possible given the timeline of this study.  A list of 

stakeholders that participated in this consultation and further information on project 

meetings and comments will be included in a project report that will be published 

complementar y to this report ( for the time being please consult the reports available on 

the project website).  

 

The views expressed in the report remain those of the authors, and do not 

necessarily reflect the views of the European Commission or the individuals 

and or ganisations that participated in the consultation.   

 

Our main findings (in Task order) are the following:  

 

Task 1:  

 

Transformers were defined for use in the electrical transmission and distribution 

systems.  

These transformers can be segmented according to application. They can be installed 

either by Transmission System Operators (TSO), or Distribution System Operators 

(DSO) , or alternatively by the industrial or the tertiary sector end user themselves. 

Distribution Transformers are installed by a DSO or end user and provide most often 

connection to the Low Voltage (LV) distribution grid (230/400 VAC). These transformers 

inclu de those used for connecting Distributed Energy Resources (DER) such as wind 

turbines. Transformers installed by a TSO are also referred as óPower Transformersô. 

They are used in the Medium Voltage (MV) and/or High Voltage (HV) grid. Another 

http://ec.europa.eu/enterprise/eco_design/index_en.htm
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category of sm aller industrial transformers are Isolation (Separation) Transformers or 

Safe Extra Low Voltage (SELV) (control) external power supply transformers (e.g. 24 

VAC). The smaller industrial transformers are constructed according to other standards  

and not conn ected to the medium voltage system , so they can be discriminated easily.  

According to EN 60076 -1 (IEC 60076 -1) ,  power transformers are in general terms 

considered as transformers (including auto - transformers) above 1 kVA single phase and 

5 kVA poly phase, hence lower ratings will not be considered in this study.  

Apart from their application , transformers can be further segmented according to their 

technology  or functionality, see below:  

y MV/LV Distribution transformer Distribution by DSO 99.99% 0.01% 100% 90% 10% <100 50 2500 250

n line voltage restorers Distribution by DSO 100% yes 100% 10 50 25

y DER LV/MV transformers Connecting DER by producer 20% 80% 100% 80% 20% 0% 50 2500 2000

y Industry MV/LV oil transformer Distribution by non DSO (industry, ..) 50% 100% 85% 15% 50 2500 630

y Industry MV/LV dry transformer Distribution by non DSO (industry, ..) 50% 100% 15% 85% 50 4000 800

y Power transfomer Power by TSO (DSO) 100% 0% 99%  100% 5000 > 1E+05

y Phase shifter Power by TSO (DSO) 100%  0%  1% 100% 5000 > 1E+05

y Seperation/isolation transformer Distribution by non DSO (industry, ..) 100% 100% 1 63 16

y/n Control transformer Distribution by non DSO (industry, ..) 100% yes 100% 0.04 2.5 1.6

n Safety transformers Specific ext. applications industry/domestic 100% yes 100% 0.04 0.25 0.06

n speciality/consumer transformers Specific int. application industry/domestic NA NA  NA NA  yes NA NA NA NA NA NA

n magnetic halogen transformers Lighting all sectors 100% yes 100% 0.04 0.63 0.06

Acronyms used are: Kunit h kW

LV: Low Voltage 65 8760 80

MV: Medium Voltage

Pk: Load losses

Po: No load losses

DSO: Distribution System Operator

NA: Not Applicable

S: Rated Power

S

Min 

(kVA)

S

Max

 (kVA)

S

Avg

 (kVA)

Study 
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Task 1 also exposes precisely the legislation and standards in use.  The most important 

efficiency parameters of transformers are no - load and load losses , which are 

responsible for the electricity losses during the use phase . These parameters are 

covered by different standards depending on the transformer type:  

-  The IEC 600 76 -1 is the general generic standard for power transformers with 

European equivalent EN 60076 -1. 

-  For oil filled distribution transformers , the European standard (EN 50464 -1) 

includes efficiency classes or ólabelsô for load losses (Dk, Ck, Bk, Ak) and no-load 

losses (Eo, Do, Co, Bo, A0).  

-  For dry transformers there is a harmonized document (HD  538) with maximum 

no- load and load losses. HD 538 will be sup erseded by EN 50541 -1 in 2010.  

-  EN-61558 series deal with smaller transformers but mainly from a safety 

pers pective.  

-  For distribution and industrial transformers there are minimum performance 

levels for load and no load losses defined in standards EN50464 -1, HD 538.1 or 

FprEN50541 -1. A final recommendation on raising the existing minimum energy 

performance level  is a topic of Task 7 on policy recommendations after the full 

analysis in the subsequent tasks.  

-  Also, the highest performanc e level (Ak, A0) defined in standards EN50464 -1, 

HD 538.1 or FprEN50541 -1 does not mean that significant lower losses canôt be 

achieved with actual technology. This will also be evaluated in subsequent tasks.  

-  In Germany, p ower transformer designs for oil immersed power transformers 

from 3150 kVA to 80 MVA for 50Hz and rated voltage up to 123kV have 

maximum load and no load losses  in DIN 42508:2009 -08.  

 

This task also identified some other relevant ecodesign or environmental parameters 

for power and distribution transformers which are : noise  (covered by IEC 600769 -10) , 

electromagnetic fields (EN 50413:2009) and h azardous substances (e.g. PCB ban, 

under national legislation ).  
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No missing test standards or measurement procedures on energy use  and other 

environmental parameters  have been identified for power and distribution transformers.  

For smaller industrial transformers however a ga p has been identified , there is no 

standard formal to measure the load and no load losses. However they use in practice a 

similar method as distribution transformers (EN 60076 -x series). This gap should be 

closed as soon as possible . There are no MEPS repo rted for these small industrial 

transformers. Therefore MEPS will be considered in Task 7 on policy recommendations 

and can only be done after the full an alysis in the subsequent tasks.  

 

MEPS for power transformers were defined in  DIN 42508:2009 -08 , however this does 

not cover the full range of European products . Currently most European TSOs have  

their own public tender specifications that take load and no - load losses into account 

when assessing the Total Cost of Ownership (TCO ) . 

 

Several non European  cou ntries are also elaborating or have minimum performance 

efficiency standards for power and distribution transformers (Australia and New 

Zealand, USA, Canada, etc.) and these ongoing developments will be followed up  until 

completion of Task 7 on policy recommendations . However, c omparison s of these 

international efficiency classes are  not always obvious because of differences in 

electricity distribution systems  (voltages, frequenciesé), in definitions for apparent 

power of the transformer (in put power ve rsus output power) and  in load levels at which 

the efficiency of the transformer is measured (50% load, 100% loadé). 

 

For power and distribution transformers no harmonizing EU Directives apply . For small 

transformers the Low Voltag e Equipment Directive (2006/95/EC) is applicable.  

 

Task 2:  

 

For the total figure of  industry and power  transformers there should be no doubt that 

the eligibility criterion (Art. 15 , par. 2, sub a, of the Ecodesign Directive) is met as 

annual sales , in the  EU market,  are above 200  000  units.  Moreover, this is certainly the 

case when the óunitô is defined as the ófunctional unitô used within this study being 1 

kVA (see Chapter 1 for definition). Distribution transformers represent the largest share 

of both t he stock and sales. More details about the market size are given in the table 

below and typical losses are included in the Task report. T&D transformers are mainly 

produced by large enterprises while smaller industrial transformers often by SMEs. 

Transform er prices are strongly influenced by commodity prices.  

 
Stock Stock Stock

1990 2005 2020 1990-2005 2005-2020 1990-2005 2005-2020 1990 2005 2020

KVA K units K units K units % p.a. % p.a. % p.a. % p.a. % p.a. units p.a. units p.a. units p.a.

MV/LV Distribution transformer 250 2.714 3.600 4.459 1.9 1.4 2.50 4.40 3.90 119.438 140.400 173.891

DER LV/MV transformers 2000 0.25 20 89 34 10.5 4.00 38.00 14.50 94 2.900 12.967

Industry MV/LV oil transformer 630 603 800 991 1.9 1.4 4.00 5.90 5.40 35.590 43.200 53.505

Industry MV/LV dry transformer 800 128 170 211 1.9 1.4 3.33 5.23 4.73 6.708 8.047 9.966

Power transfomer 100000 49 64.35 80 1.9 1.4 3.33 5.23 4.73 2.539 3.046 3.772

Phase 100000 0.49 0.65 0.81 1.9 1.4 3.33 5.23 4.73 26 31 38

Total sales Total sales

Transformer type 
S typ

Replacement 

sales

New installed sales

 
 

Those figures are valid for the typical rating of the stock transformers and were  

rescaled  (values in italic)  in later chapters to correct for the higher or lower ratings of 

the selected base case transformers . 

 

The main European industry players for th e distribution and power transformers are big 

international groups like ABB, Siemens, Areva, Schneider Electric, and some 

large/medium size companies like Cotradis, Efacec,  Pauwels, SGB/Smit and Transfix.  

Transformer manufacturers from outside the EU include GE, Hitachi (Japan) and Vijai 

(India) . T&D Europe is the representative of the European Transformer Manufacturers, 

regrouping the Austrian, Belgian, British, French, Ger man, Italian, Spanish, Portuguese 

and the Netherlandsôs National Associations. Smaller industrial transformers are mainly 
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produced by European SMEs. It is a niche market and clients often directly order with 

the manufacturer. It is estimated that there sho uld be about 50 SMEs active in 

production; often these companies have only a few employees.  

 

There is little maintena nce schedules for transformers ( annual checks for dust build -up, 

vermin infestation, and accident or lighting damage) and it can be assumed  that these 

repair and maintenance costs will not change with increased efficiency.  

 

Task 3:  

 

The most important information contained in this chapter is about the transformer load 

profiles as they have a significant influence on the real life efficiency o f the transformer. 

The characteristic parameters are the Load Factor (Ŭ), the Load Form Factor (Kf) and 

the availability factor (see Table below) that w ere  defined for different user profiles.  

 

Typical 

transformer  

Load 

factors 
(Ŭ) 

Load 

form 

factors 

(Kf)  

Power 

factor 
(Pf)  

Load 

factors 

eq. 

flat (Ŭe)  

Availability 

factor (Af)  

Average 

Lifetime  

MV/LV distribution  

oil  
0. 15  1.073  

0.9  

0.18  1 40  

Industry oil  0. 30  1.096  0.37  1 25 

Industry dry  0. 30  1.096  0.37  1 30  

Power  0.20  1.08  0.24  1 30  

DER  

(liquid - immersed 
and dry - type)  

0. 25  1. 50  0.42  1 25 

Separation/isolation  0.40  1.096  0.49  0. 2 10  

 

The average technical life of a power or distribution t ransformer is  25 years or more . 

The end -user behaviour, e.g. regularly overloading of the transformer, has a significant 

impact on the transformer life time.  

 

The End -of -Life behaviour is also an important  issue to be taken into consideration 

while conducting the environmental impact assessment in Task 4.  Therefore, it has 

been reported that ab out 99%  (in weight)  of the transformers are recycled. This high 

recycling rate can be explained by the high residual value of the transformer scrap 

materials ( e.g. steel, copper, aluminium, oil).  

 

Task 4 :  

 

Based on the European market analysis, seven base -cases were defined:  

-  Distribution transformers (400 kVA)  

-  Industry transformers: oil - immersed (1 MVA)  

-  Industry transformers: dry - type (1.25 MVA)  

-  Power transformers (100 MVA)  

-  DER transformers: oil - immersed (2 MVA)  

-  DER transformers: dry - type (2 MVA)  
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-  Small er industrial separation/isolation transformers (16 kVA)  

 

The environmental impact assessment carried out with the EcoReport tool for each 

base -case shows that the use phase is by far the most impacting stage of the life cycle 

in terms of energy consumptio n, water consumption, greenhouse gases emissions and 

acidification (summary in the table below). The production phase has a significant 

contribution to the following impacts: generation of non -hazardous waste, V olatile 

Organic Cpompounds , Persistent Organi c Pollutants , Polycyclic Aromatic Hydrocarbons  

emissions and eutrophication. Finally, the end -of - life phase is significant for the 

generation of hazardous waste, the particulate matter emissions and the eutrophication, 

either due to  mineral oil or resin. I n particular, the impacts of mineral oil, whose 

impacts were added in the EcoReport tool, are visible but are also expected to be 

overestimated in this analysis. Indeed, the end -of - life modelling used the same 

environmental data as for plastics incineratio n (environmental impacts and credits) 

while burning mineral oil with energy recovery is expected to be more efficient than 

burning plastics with energy recovery. Therefore, the analysis of the improvement 

potential in chapter 6 will focus on technologies t hat reduce the electricity losses during 

the use phase, and also on alternative material (especially oil) reducing environmental 

impacts.  

 

Despite a small amount of power transformers in stock, these transformers are 

responsible for about half of the overall impacts of the whole market of power and 

distribution transformers in EU. DER transformers still represent a very small share of 

the overall environmental impacts but it is expected to grow in the near future because 

of the rising stock of this typ e of transformer.  
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Environmental 
Impact  

BC1 
Distribution  

BC2  

Industry 
oil  

BC3  

Industry 
dry  

BC4  

Power  

BC5  

DER 
oil  

BC6  

DER 
dry  

BC7  

Separation  

/isolation  

Total Energy 
(GER)  

[PJ]  

199  151  47.3  591  2.6  10.6  4.6  

of which 
electricity  

[TWh]  

17.9  13.8  4.36  55.0  0.24  0.96  0.38  

Waste, 

hazardous/ 
incinerated  

[kton]  

41.9  24.7  2.38  61.7  0.40  0.52  0.09  

Emissions to air  

Greenhouse 
Gases in 
GWP100  

[Mt CO 2 eq.]  

8.8  6.7  2.1  25.9  0.12  0.48  0.21  

Volatile Organic 

Compounds 
(VOC)  

[kt]  

0.14  0.09  0.02  0.31  0.002  0.005  0.004  

Heavy Metals  

[ton Ni eq.]  
5.8  4.1  0.95  13.1  0.07  0.22  0.25  

Particulate 
Matter (PM, 

dust)  

[kt]  

6.6  3.9  0.63  9.3  0.06  0.20  0.39  

Emissions to water  

Eutrophication  

[kt PO 4]  
0.049  0.026  0.015  0.06  0.00  0.003  0.001  

Environmental Impact per Base Case type of  transformer  

In general, the share of electricity in the Life Cycle Cost is significant : from 62% for 

distribution transformer up to 86% for DER dry - type transformers. Only separation and 

isolation transformers have a bigger share related for the product p rice (77%) because 

of their lower availability factor and their shorter lifetime. Of the total consumer 

expenditure in 2005, electricity represents 72% of the global amount of money, 

estimated at 7 453 million euros. Half of this annual expenditure is due to power 

transformers, which are much more expensive than the other types of transformers.  
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BC1 

Distribution  

BC2  

Industry 
oil  

BC3  

Industry 
dry  

BC4  

Power  

BC5  

DER 
oil  

BC6  

DER 
dry  

BC7  

Separation  

/isolation  

TOTAL  

EU-27 
sales  

[units]  

140 400  43 200  8 047  1 802  420  1 680  75 000  270 549  

Share of 

the EU -27 
sales  

51.9%  16.0%  3.0%  0.7%  0.2%  0.6%  27.7%  100%  

Product 
Price  

[mln ú] 

860  472  131  1 297  8 47  101  2 916  

Electricity  

[mln ú] 
1 385  1 068  338  4 277  71  284  30  7 453  

Total  

[mln ú] 
2 244  1 540  470  5 574  79  331  131  10 369  

Summary of Life Cycle Cost Analysis  

Task 5 :  

 

In this chapter several improvement options were identified compared to the base case 

(chapter 4).  

This task examines the improvement options of transformers considered as best 

available technologies, in an attempt to improve upon the base -cases. It explains  that 

transformers can be improved by using similar technology based on silicon steel 

transformer s with the following options:  

-  The use of copper compared to aluminium conductors;  

-  The use of a circular limb core cross -section;  

 

Also, other potential improvements include:  

-  The use of High permeability Grain Oriented Electrical Steel (HGO)  with lower 

loss es (Cold rolled Grain -Oriented steel, High permeability steel, Domain Refined 

high permeability steel);  

-  The use of amorphous steel (significant lower core losses)  (not possible to larger 

power transformers) ;  

-  The use of transformers with silicon liquid , syn thetic esters  or biodegradable 

natural esters instead of dry cast resign transformers or mineral oil;  

-  Increasing the cross section of the conductor and cross section of the core ;  

-  Core construction techniques (e.g. mitred lapped joints);  

-  The transformer des ign variability combining above improvements;  

-  Improved coatings  between the laminations of conventional silicon steel ;  

-  Reducing the transformer noise.  

 

A more radical improvement option is related to the use of amorphous steel cores. It is 

also possible t o use more environmental friendly liquids to substitute mineral 

transformer oil. All improvement options increase the product price. Several 

improvement options increase the product volume and mass.  

 

The improvements options considered as Best Non Availabl e Technologies concern:  

-  Further improvements of  Grain oriented magnetic steels , amorphous 

microcrystalline material  as core materials;  

-  The use of superconducting technology;  
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-  The use of smart grid technology to switch off an by -pass transformers off peak 

load (system level);  

 

Task 6 :  

 

As accomplished in Task 4, the EcoReport tool was used in order to assess 

environmental and economic impacts of the base -case with improvement options. The 

improvement options were defined in Task 5 with assistance from stakeholders 

providing input with an inquiry. With some exceptions, the improvement options proved 

to be economically superior and more energy efficient. However, these improvement 

options were inferior regarding certain environmental impacts related to in creased 

material use, such as waste, particulate matter, and eutrophication.  

 

A sensitivity analysis was conducted to examine the effect of assumptions made 

throughout the text on final results. It was concluded that while the results did change 

in absolute numbers, generally the results remained the same relative to the base -case. 

Therefore, it confirms that the results obtained are robust and not significantly 

dependent upon input assumptions. The factors investigated include:  

-  Load factor ;  

-  Load for m factor (for DER transformers) ;  

-  Lifetime ;  

-  Electricity price ;  

-  Transformer price ;  

-  Discount rate ;  

-  Installed stock . 

 

Task 7 :  

 

Several policy options are proposed in this chapter, with a strong focus on the decrease 

of transformer load and no load losses.  Ther e are also proposals on generic  eco-design 

requirements on the supply of product information.  

The chapter also includes recommendations on product definitions and the scope of the 

proposed measures. Because of weight  limitations , it might be that some pole mounted 

transformers can technically not satisfy the proposed maximum loss requirements . For 

these tran sformers, an alternative requirement on core loss  alone (W/kg) was  proposed . 

These transformers could also benefit from strict installa tion requirements in Member 

States.  

 

There is a need for an updated harmonized standard to measure smaller transformer 

losses and a proposal to fill this gap has been formulated.  For several standards, 

updates are recommended, especially to add two extra n o load losses categories in 

standard s EN50464 -1 and prEN 50541 -1 to cover BAT developments.  

 

There are p olicy recommendations for incentives and Green Public Procurement (GPP) 

to promote efficient power and distribution transformers . Several TSO/DSOs curre ntly 

use a Total Cost of Ownership (TCO) that takes into account load and no load losses . 

Therefore TCO is also a suitable tool to drive the market to more efficient transformers . 

It is important that TCO and MEPS can coexist but not replace each other. Al so for the 

current TCO approach , recommendations were made to increase consistency with an 

energy efficiency policy  and the EU 20/20/20 targets . 

 

This chapter also includes proposals for policy actions related to Best Not Yet Available 

Technology (BNAT).  Amongst others, m ore research is needed on fire behaviour of 

liquid filled transformers  with silicon liquid or b iodegradable natural esters and the 

creat ion  of a standard  could be considered . 
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The scenario analysis shows that significant energy savings are possible from a LLCC or 

BAT scenario  over BAU , achieving 16.4% and 27.7% savings in 2025, respectively. In 

addition, the LLCC scenario is economically advantageous, saving 1.5%  of expenditures  

in 2025, while providing overall economic savings since 2011 st arting in 2032.  

 

There is also a section related to impact of policy measures. Most important is the lack  

(anno 2010)  of amorphous material and transformer prod uction capacity within Eu rope .  
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CHAPTER     1  DEFINITION  

 

CHAPTER     1  DEFINITION  

Scope : The objective of this task is to discuss definition and scope (from a functional, 

technical, economic and environmental point of view) for the eco -design preparatory 

study for the ENTR Lot 2 and to define the product category and the system boundaries 

of  the óplaying fieldô. It consists of the categorization of distribution and power 

transformers according to Prodcom categories (used in Eurostat) and to other schemes 

(e.g. EN standards), description of relevant definitions and of the overlaps with the 

Prodcom classification categories, scope definition, and identification of key parameters 

for the selection of relevant products to perform detailed analysis and assessment 

during the next steps of the study. Discussion of products definition and scope issues  

also includes an analysis of product -system interactions in relation to the productsô 

environmental impacts and potential improvements.  

Further, harmonized test and performance standards and additional sector -specific 

procedures for product - testing will be identified and discussed, covering the test 

protocols for:  

-  Primary and secondary functional performance parameters (Functional Unit)  

-  Resource use (energy, etc.) during product - life  

-  Safety (electricity, EMC, stability of the product, etc.)  

-  Other product specific test procedures.  

 

Finally, this task identifies  existing legislations, voluntary agreements, and labelling  

initiatives at the EU level, in the Member States, and in the countries outside the EU.  

This task also classifies  Lot 2 equipment into appro priate product groups while 

providing a first screening of the volume of sales and stock, environmental impacts and 

improvement potential for these products.  

 

Summary of Task 1 :  

Transformers were defined for use in the electrical transmission and distribu tion 

systems.  

These transformers can be segmented according to application. They can be installed 

either by Transmission System Operators (TSO), or Distribution System Operators 

(DSO) , or alternatively by the industrial or the tertiary sector end user the mselves. 

Distribution Transformers are installed by a DSO or end user and provide most often 

connection to the Low Voltage (LV) distribution grid (230/400 VAC). These transformers 

include those used for connecting Distributed Energy Resources (DER) such as  wind 

turbines. Transformers installed by a TSO are also referred as óPower Transformersô. 

They are used in the Medium Voltage (MV) and/or High Voltage (HV) grid. Another 

category of smaller industrial transformers are Isolation (Separation) Transformers o r 

Safe Extra Low Voltage (SELV) (control) external power supply transformers (e.g. 24 

VAC). The smaller industrial transformers are constructed according to other standards  

and not connected to the medium voltage system , so they can be discriminated easily . 

According to EN 60076 -1 (IEC 60076 -1) ,  power transformers are in general terms 

considered as transformers (including auto - transformers) above 1 kVA single phase and 

5 kVA poly phase, hence lower ratings will not be considered in this study.  

Apart from their application , transformers can be further segmented according to their 

technology  or functionality, see below:  
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y MV/LV Distribution transformer Distribution by DSO 99.99% 0.01% 100% 90% 10% <100 50 2500 250

n line voltage restorers Distribution by DSO 100% yes 100% 10 50 25

y DER LV/MV transformers Connecting DER by producer 20% 80% 100% 80% 20% 0% 50 2500 2000

y Industry MV/LV oil transformer Distribution by non DSO (industry, ..) 50% 100% 85% 15% 50 2500 630

y Industry MV/LV dry transformer Distribution by non DSO (industry, ..) 50% 100% 15% 85% 50 4000 800

y Power transfomer Power by TSO (DSO) 100% 0% 99%  100% 5000 > 1E+05

y Phase shifter Power by TSO (DSO) 100%  0%  1% 100% 5000 > 1E+05

y Seperation/isolation transformer Distribution by non DSO (industry, ..) 100% 100% 1 63 16

y/n Control transformer Distribution by non DSO (industry, ..) 100% yes 100% 0.04 2.5 1.6

n Safety transformers Specific ext. applications industry/domestic 100% yes 100% 0.04 0.25 0.06

n speciality/consumer transformers Specific int. application industry/domestic NA NA  NA NA  yes NA NA NA NA NA NA

n magnetic halogen transformers Lighting all sectors 100% yes 100% 0.04 0.63 0.06

Acronyms used are: Kunit h kW

LV: Low Voltage 65 8760 80

MV: Medium Voltage

Pk: Load losses

Po: No load losses

DSO: Distribution System Operator

NA: Not Applicable

S: Rated Power

S
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(kVA)

S
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S
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Task 1 also exposes precisely the legislation and standards in use. The most important 

efficiency parameters of transformers are no - load and load losses , which are 

responsible for the electricity losses during the use phase . These parameters are 

covered by different standards depending on the transformer type:  

-  The IEC 60076 -1 is the general generic standard for power transformers with 

European equivalent EN 60076 -1. 

-  For oil filled distribution transformers , the European standard (EN 50464 -1) 

includes efficiency classes or ólabelsô for load losses (Dk, Ck, Bk, Ak) and no-load 

losses (Eo, Do, Co, Bo, A0).  

-  For dry transformers there is a harmonized document (HD  538) with maximum 

no- load and load losses. HD 538 will be sup erseded by EN 50541 -1 in 2010.  

-  EN-61558 series deal with smaller transformers but mainly from a safety 

perspect ive.  

-  For distribution and industrial transformers there are minimum performance 

levels for load and no load losses defined in standards EN50464 -1, HD 538.1 or 

FprEN50541 -1. A final recommendation on raising the existing minimum energy 

performance level is a topic of Task 7 on policy recommendations after the full 

analysis in the subsequent tasks.  

-  Also, the highest performanc e level (Ak, A0) defined in standards EN50464 -1, 

HD 538.1 or FprEN50541 -1 does not mean that significant lower losses canôt be 

achieved  with actual technology. This will also be evaluated in subsequent tasks.  

-  In Germany, p ower transformer designs for oil immersed power transformers 

from 3150 kVA to 80 MVA for 50Hz and rated voltage up to 123kV have 

maximum load and no load losses  in DIN 4 2508:2009 -08.  

 

This task also identified some other relevant ecodesign or environmental parameters 

for power and distribution transformers which are : noise  (covered by IEC 600769 -10) , 

electromagnetic fields (EN 50413:2009) and h azardous substances (e.g. PC B ban, 

under national legislation ).  

 

No missing test standards or measurement procedures on energy use  and other 

environmental parameters  have been identified for power and distribution transformers.  

For smaller industrial transformers however a gap has be en identified , there is no 

standard formal to measure the load and no load losses. However they use in practice a 

similar method as distribution transformers (EN 60076 -x series). This gap should be 

closed as soon as possible . There are no MEPS reported for  these small industrial 

transformers. Therefore MEPS will be considered in Task 7 on policy recommendations 

and can only be done after the full an alysis in the subsequent tasks.  
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MEPS for power transformers were defined in  DIN 42508:2009 -08 , however this d oes 

not cover the full range of European products . Currently most European TSOs have  

their own public tender specifications that take load and no - load losses into account 

when assessing the Total Cost of Ownership (TCO ).  

 

Several non European cou ntries are  also elaborating or have minimum performance 

efficiency standards for power and distribution transformers (Australia and New 

Zealand, USA, Canada, etc.) and these ongoing developments will be followed up  until 

completion of Task 7 on policy recommendation s. However, c omparison s of these 

international efficiency classes are  not always obvious because of differences in 

electricity distribution systems  (voltages, frequenciesé), in definitions for apparent 

power of the transformer (in put power versus output po wer) and  in load levels at which 

the efficiency of the transformer is measured (50% load, 100% loadé). 

 

For power and distribution transformers no harmonizing EU Directives apply. For small 

transformers the Low Voltage Equipment Directive (2006/95/EC) is a pplicable.  

1.1  General context and scope  

The overall context of this preparatory study is the electricity transmission and 

distribution (T&D) system (see Figure 1-1 and Figure 1-2)  and industrial systems . In 

the alternating current (AC) electrical supply system that is used in all countries for 

supply to consumers, the transformer is an indispensable component.  

 

The generated electricity goes through various transformations; e.g. stepping up the 

voltage in order to transmit over large distances and various levels of stepping down 

the voltage to its final end -user (domestic, commercial, or industrial use). Transformers 

convert electrical energy from one voltage level to another. They are an essential part 

of the electricity network. After generation in power stations, electrical energy needs to 

be transported to the areas where it is consumed. This transport is more efficient at 

higher voltage, which is why power generated at 10 -  30 kV is converted by 

transformers into typical voltages of 220 kV up to 400 kV, or even h igher. Since the 

majority of electrical installations operate at lower voltages, the high voltage needs to 

be converted back close to the point of use. The main reason to step down voltage is  to 

increase the safety for the end user and insulation material.  The first step down is 

transformation to 33 -  150 kV. It is often the level at which power is supplied to major 

industrial customers. Distribution companies then transform power further down to the 

consumer mains voltage.  

 

In this way, electrical energy p asses through an average of four transformation stages 

before being consumed. A large number of transformers of different classes and sizes 

are needed in the transmission and distribution network, with a wide range of operating 

voltages. Large transformers  for high voltages are called power transformers. The last 

transformation step into the consumer mains voltage (in Europe 400/230 V) is done by 

the distribution transformer.  
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Figure 1-1: Overall context is the electricity and transmission distribution (T&D) system  

Transformers are installed at the side of generation and in transmission and distribution 

(T&D).  

The total electrical energy use per annum of the EU -25 is about 2 771.6 Terra  Watt  

hours (2005) [TWh] (1 TWh = 109 kWh). It is further estimated (Leonardo Energy 

Transformers, February 2005 1, Eurelectric, 2006 2) that the losses in all EUôs electrical 

distribution systems are about 200 TWh or 7.2% of the total electrical energy 

consumed. About 30 -35% of these losses are generated in the transformers in the 

distribution systems, meaning between 60 TWh and 70 TWh, or between 2.4% and 

2.8% of total electrical energy consumed (Leonardo Energy Transformers, February 

2005 1).  

Transformers can be installed by Transmission System Operators (TSO), Distribution 

System Operators (DSO) or alternatively by the industrial or the tertiary sector end 

user themse lves. DSOs are also called Utilities and they often distribute other 

commodities such as gas and water. The transmission system is typically operated at 

higher voltages while the distribution system at lower voltages as schematically 

represented in Figure 1-2. Industry also frequently uses smaller transformers for 

isolated electrical grids or 24 VAC power supply for automation equipment.  

 

                                           
1  Leonardo Energy T ransformers , óPotential for global energy savings from high efficiency 

distribution transformersô, February 2005  
2 Eurelectric, Statistics and prospects for the European lectricity sector, December 2006  
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Figure 1-2: Schematic diagram of the electrical  Transmission and Distribution (T&D) 

system (voltage level typical for Germany but can differ per country)  

Modern distribution transformers are typically about 98 -99% efficient at half loa d 

(SEEDT, 2008 3 ). This might suggest a low improvement potential to improve their 

environmental performance. However, due to the very large number of transformers in 

use in the distribution systems, the total impact of small improvements could provide a 

significant contribution to reduce environmental impacts, such as global warming and 

climate change.  

Please note that industry sometimes also installs additional  so-called smaller industrial 

power  transformers in the distribution line for safety, lower volta ges or special 

applications.  

1.2  Basic concept of a transformer  

A transformer is defined as a static piece of apparatus with two or more windings which, 

by electromagnetic induction, transforms a system of alternating voltage and current 

into another system of  voltage and current usually of different values and at the same 

frequency for the purpose of transmitting electrical power (IEC 60050).  

 

The construction of a transformer ( Figure 1-3) comprises two active components: the 

ferromagnetic core and the windings. Within the transformer industry, the core and 

windings together are normally referred to as the ñactive partò. The passive part of a 

transformer is the cooling system, e.g. consist ing of a tank and the cooling liquid. A 

transformer uses the core's magnetic properties and current in the primary winding 

(connected to the source of electricity) to induce a current in the secondary winding 

(connected to the output or load). Alternating current in the primary winding induces a 

magnetic flux in the core, which in turn induces a voltage in the secondary winding. A 

voltage step -down results from the exchange of voltage for current, and its magnitude 

is determined by the ratio of turns in the  primary and secondary windings. A 

                                           
3 Strategies for development and diffusion of Energy Efficient Distribution Transformers (SEEDT), 

Analysis of existing situation of energy efficient transformer s ï technical and non - technical 
solutions, 2008)  
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transformer with 50 primary turns and five secondary turns would step the voltage 

down by a factor of 10, for example from 1000 volts to 100 volts. The transformer in 

Figure 1-3 is an example of a typical distribution transformer . I n the next sections a 

broader range of transformers will be covered.  Transformer  óbushing ó is an insulating 

liner in an opening through which conductors p ass that allow connection to the 

electrical grid.  

 

    

Figure 1-3: Cutaway  view of a distribution transformer  

1.3  I d entification of the main ecodesign parameters for energy losses 
and other environmental impacts  

This study will focus on the whole environmental impact assessment of transformers 

based on ecodesign parameters.  

ANNEX I of the Ecodesign Directive 2009/125/EC  describes these relevant ecodesign 

parameters.  

For each phase of the life cycle of transformers , the following environmental aspects 

are to be assessed where relevant:  

(a) predicted consumption of materials, of energy and of other resources such 

as fresh water;  

(b) anticipated emissions to air, water or soil;  

(c) anticipated pollution through physic al effects such as noise, vibration, 

radiation, electromagnetic fields;  

(d) expected generation of waste material;  

(e) possibilities for reuse, recycling and recovery of materials and/or of energy.  

 

Note: It is quite common to have Minimum Energy Performance Standards for these 

transformers globally, see also section 1.8 7. 

Hence, the most prominent focus when analyzing the envi ronmental impact of Energy 

Related Products (ER Ps) was currently on the use phase and energy use, for 

transformers being electricity use.  

 

A Life Cycle Assessment (LCA) method will be used based on the MEEuP Methodology 

report (see project website) which is commonly accepted for these studies.  

The MEEuP methodology report summarizes environmental impact into 14 

environmental indicators (and 2 auxiliary parameters). These environmental indicators 

are Energy, Water (process & cooling),  Waste (hazardous & non -hazardous), Global 
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Warming Potential (GWP), Acidification Potential (AP), Volatile Organic Compounds 

(VOC), Persistent Organic Pollutants (POP), Heavy Metals (to air & to water) 

carcinogenic Polycyclic Aromatic Hydrocarbons (PAH), P articulate Matter (PM) and the 

Eutrophication Potential of certain emissions to water (EP).  

Other environmental parameters are treated on an ad hoc basis or derived from one or 

more of the indicators that are quantified.  

In line with ANNEX 1 the ad hoc env ironmental parameters  identified for transformers 

are:  

 

1. Noise  

Transformers can produce a humming noise in the range of 100 Hz with harmonics up 

to 2000 Hz. Transformer acoustic noise 4 is a hum characterized by spectral spikes at 

harmonics of the fundame ntal frequency of 100 Hz which is twice the line supply 

frequency. This might cause nuisance or discomfort, e.g. when installed in the 

basement of an apartment building. Please note that transformer noise measurements 

are regulated in standards but no limi ts are set. The limits are imposed by installation 

requirements and related noise legislation. In Japan noise levels are determined in 

accordance with the installation environment which is for DSO regulated at <45 dB in 

rural areas and 50 dB in other areas . It is obvious to link noise requirements to 

installation rather then a product requirement as such.  

 

2. Electromagnetic fields (EMF)  

Transformers produce so called óExtremely Low frequencyô (ELF5) fields of 50 Hz. So -

called ELF fields are defined frequen cies up to 300 Hz.  A typical installation 

requirement is 0,1 mT (e.g. Japan).  

 

3. Use of hazardous materials in transformers  

Some transformers contain hazardous materials, they are:  

 Some products in operation may still comprise polychlorinated biphenyls or  PCBs, 

however it is not allowed anymore in new transformers.  This might be very few 

nowadays as in many countries it is a criminal offence . 

 Oil filled distribution transformers mostly contain Mineral transformer oil  if 

released into the environment in the case of a fault, pollutes the ground and will 

possibly jeopardize the ground water. In this case Biodegradable 

insulating/coolant liquid may be used that is biodegradable and not water 

pollutant and furthermore has a much higher flash point than the mi neral oils 

traditionally used. Biodegradable oil has a poorer cooling effect and hence 

causing larger volumes/more materials as well. Synthetic oil is rarely used (e.g.) 

Midol, only for special use such as water protection areas. Modern installation 

often comprises binding  and controlled drainage to solve these problems at 

installation level.  

 A few power transformers use  Sulphur hexafluoride (SF6) gas and they are 

sometimes referred to as a gas - insulated transformer. It could be an 

environmental issue becau se itôs strong impact on global warming (1 SF6 = 

23.600 CO2). This gas is mainly used in electrical switchgear  but according to 

Orgalime they  are rarely used (less than 100); hence it is not an issue for this 

study. SF6 is mainly used in TSO switchgear but  this is outside the scope of this 

study.  

 

                                           
4  Ravish S. Masti et al. (2004) óOn the influence of core laminations upon power transformer 
noiseô, PROCEEDINGS OF ISMA2004 . 
5 http://www.who.in t/peh -emf/about/WhatisEMF/en/  

 

http://www.who.int/peh-emf/about/WhatisEMF/en/
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All above aspects will be discussed in details in the next tasks, especially Tasks 3 and 4. 

The environmental assessment carried out in Task 4 will allow identifying  impacts for 

13 environmental indicators during the whole life cycle of transformers.  

 

This Life Cycle Assessment approach would ensure that all relevant environmental 

impacts will be analyzed, and that any tradeoffs , when assessing the improvement 

options in task 6, will be identified.  

 

Background info  on energy losses in transformers:  

 

Transformer efficiency losses consist of:  

 No load losses (Po) : these losses occur  when the secondary circuit is open and 

the primary one is at its rated voltage (HV). In that case there is only a small 

primary current and joule effect losses are negligible. No - load  losses  are  

composed  of:     

Á Hysteresis losses, caused by the frictional movement of magnetic 

domains in the core laminations being magnetized and demagnetized by 

alternation of the magnetic field. These losses depend on the type of 

material used to build a core. Hysteresis losses are usually responsible 

for more than a half of  total no - load losses (50 -70%).  

Á Eddy current losses, caused by varying magnetic fields inducing eddy 

currents in the laminations and thus generating heat. These losses can 

be reduced by building the core from thin laminated sheets insulated 

from each othe r by a thin varnish layer to reduce eddy currents.  

Á There are also marginal stray and dielectric losses which occur in the 

transformer core. Stray losses, due to stray magnetic fields, cause eddy 

currents in the conductors or in surrounding metal. Dielectr ic losses in 

the insulating materials -  particularly in the oil and the solid insulation 

of high voltage transformers. They account usually for no more than 1% 

of total no - load losses.  

 Load losses (Pk) : They are a function of the load factor. Their value a t rated load 

is determined when the secondary circuit is short -circuited and the primary is 

supplied at rated current (S/LV). These losses  are commonly called copper 

losses or short circuit losses. Load losses are  composed  of:  

Á Ohmic heat loss in the transf ormer windings  sometimes referred to as 

copper loss or Joule effect losses. The magnitude of these losses 

increases with the square of the load current and is proportional to the 

resistance of the winding.  

Á Conductor eddy current losses. Eddy currents are c aused by the 

magnetic fields of alternating current. They also occur in the windings, 

tanks and metal parts. Amongst others, stranded conductors are used 

to lower the eddy current loss.  

 Auxiliary losses (Paux) :  These losses are caused by using energy to r un cooling 

fans or pumps which help to cool  transformers.  

 

Background information on negative health effects of Electric and magnetic fields (EMF) 

from power lines and transformers (source EPA 6 (2009) ) :  

 

EMF is commonly associated with power lines. Many people are concerned about 

potential adverse health effects. Much of the research about power lines and potential 

health effects is inconclusive. Despite more than two decades of research to determine 

whether elevated EMF exposure, principally to magnetic fields, is related to an 

increased risk of childhood leukemia, there is still no definitive answer. The general 

                                           
6 http://www.epa.gov/rpdweb01/power - lines.html  
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scientific consensus is that, thus far, the evidence available is weak and is not sufficient 

to establish a definitive cause -effect relationship . 

In 1998, an expert working group, organized by the National Institute of Healthôs 

National Institute of Environmental Health Sciences (NIEHS), assessed the health 

effects of exposure to extremely low frequency EMF, the type found in homes near 

power line s. Based on studies about the incidence of childhood leukemia involving a 

large number of households, NIEHS found that power line magnetic fields are a possible 

cause of cancer. The working group also concluded that the results of EMF animal, 

cellular, and  mechanistic (process) studies do not confirm or refute the finding of the 

human studies. The International Agency for Research on Cancer (WHO) reached a 

similar conclusion.  

1.4  Methodology of this study  

This study will follow a methodology common to all the ERP (EuP)  preparatory studies: 

Methodology for Eco -design of Energy -using Products (MEEuP). An overview of the 7 

task structure of the study is presented in the following Figure 1-4. The results of each 

task are included in chapters with the same numbering. The methodology used is the 

same as that approved by the European Commission for all ERP (EuP)  preparatory 

studies. For further details on the methodology, see the M EEuP final report that is 

available on the project website ( www.ecotransformer.org ).  

 

 

Figure 1-4: MEEuP methodology and planning of this study.  

 


































































































































































































































































































































































































































































































































































































































































































































