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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  of the European Commission (more info rmation 

available at:  http://ec.europa.eu/enterprise/eco_design/index_en.htm ).  The 

in formation provided herein can serve  to prepare for subsequent ph ases, including 

conducting 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 follows  th e European Commissionôs 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  

 

Our findings in brief (i n Task order) are the following:  

 

Task 1:  

Transformers are defined for use in the electrical transmission and distribution systems.  

These transformers can be segmented according to their application. Distribution 

Transformers are installed by a D istribut ion System Operator  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 T ransmission System Operator  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 or Safe Extra Low Voltage (SELV) (control) 

external power supply transformers. The smaller industrial transformers are 

constructed according to other standards  and are 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 are  

not  considered in this study.  

 

Task 1 also exposes precisely the legi slation 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:  

-  IEC 60076 -1 for power transformers with European equivalent EN 60076 -1. In 

Germany, power 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.  However this does not cover the 

full range of European products . 

-  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, A o) , and minimum performance levels . 

-  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 201 1. 

http://ec.europa.eu/enterprise/eco_design/index_en.htm
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-  EN-61558 series deal with smaller transformers  but mainly from a safety 

perspective.  

 

This task also identifie s some other relevant environmental parameters such as  noise  

(covered by IEC 600769 -10) , electromagnetic fields (EN 50413:2009) and h azardous 

substances (e.g. PCB ban, under national legislati on ).  

 

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

environmental parameters  are  identified for power and distribution transformers.  For 

smaller industrial transformers however a gap is highlighted:  there is no method  to 

measu re the load and no - load losses. However , they use in practice a similar method 

as distribution transformers (EN 60076 -x series).  

 

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

performance standards for power and distribution tr ansformers ( e.g. Australia and New 

Zealand, USA, Canada) . However, c omparison s of these international efficiency classes 

are  not always obvious because of differences in electricity distribution systems . These 

differences are mainly :  voltages , frequencies  (50/60 Hz) , definitions for apparent power 

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

efficiency of the transformer is measured ( e.g. 50% load, 100% load ) . For power and 

distribution transformers , no harmonizing EU Di rectives 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.  Distribution transformers 

represent the largest share of both the stock and sales. More details about the market 

size are given in the table below and typical losses a re included in the Task report. T&D 

transformers are mainly produced by large enterprises while smaller industrial 

transformers often by SMEs  (around 50 active in production) . Further, t ransformer 

prices strongly depend on  commodity prices.  

 

Transformer ty pe  

Rated 

Power  

Stock  Replacement 

sales  

Total sales  

1990  2005  2020  1990  2005  2020  

in kVA  10 3 units  10 3 units  10 3 units  % p.a.  unit s p.a.  units p.a.  units  p.a.  

Smaller Industrial 

Transformers  
16  750  750  750  10  75 000  75 000  75 000  

Distribution 
trans former  

250  2 714  3 600  4 459  2.5  119 438  140 400  173 891  

DER transformers  2 000  0.25  20  89  4.0  94  2 900  12 967  

Industry oil 
transformer  

630  603  800  991  4.0  35 590  43 200  53 505  

Industry dry 
transformer  

800  128  170  211  3.3  6 708  8 047  9 966  

Power 
trans former  

100 000  49  64.35  80  3.3  2 539  3 046  3 772  

Phase  100 000  0.49  0.65  0.81  3.3  26  31  38  

 

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

international groups (ABB, Siemens, Areva, Schneider Electric ) , and some 

large/medium size companies (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, 

regroupi ng several n ational associations .  

 

Task 3:  

The transformer load profiles have a significant influence on the real life efficiency of 

the transformer. The characteristic parameters are the Load Factor (Ŭ), the Load Form 
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Factor (Kf) and the availability fac tor that are  defined for different user profiles  in this 

task . 

 

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

The end -user behaviou r has a significant impact on the transformer lifetime  (e.g. 

regularly overloading o f the transformer ) . Besides, about 99%  (in weight)  of the 

transformers are recycled  at the end -of - life phase . This high recycling rate can be 

explained by the high residual value of the transformer scrap materials . 

 

Task 4 :  

Based on the European market ana lysis, seven base -cases are  defined:  

- BC 1: Distribution transformers (400 kVA)  

- BC 2: Industry transformers: oil - immersed (1 MVA)  

- BC 3: Industry transformers: dry - type (1.25 MVA)  

- BC 4: Power transformers (100 MVA)  

- BC 5: DER transformers: oil - immersed (2 MVA )  

- BC 6: DER transformers: dry - type (2 MVA)  

- BC 7: Smaller 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 consumption, water consumption, greenhouse gases emissions and 

acidification. The production phase has a significant contribution to the following 

impacts: generation of non -hazardous waste, V olatile Organic Comp ounds , Persistent 

Organic 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. 

In 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 incineration 

(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 Tasks  5-6 focu ses on technologies that 

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 ab out half of the overall impacts of the whole market of power and 

distribution transformers in EU  (see table below) . DER transformers still represent a 

very small share of the overall environmental impacts but it is expected to grow in the 

near future becau se of the rising stock of this type of transformer.  

 

Environmental Impact  BC1  BC2  BC3  BC4  BC5  BC6  BC7  

Total Energy [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 [Mt CO 2 eq.]  8.8  6.7  2.1  25.9  0.12  0.48  0.21  

Volatile Organic Compounds  [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 [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  

 

In general, the share of electricity in the Life Cycle Cost Analysis is significant : from 

62% for distribution transformer u p to 86% for DER dry - type transformers. Only 
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separation and isolation transformers have a bigger share related for the product price 

(77%) because of their lower availability factor and their shorter lifetime. Of the total 

consumer expenditure in 2005, ele ctricity 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  (see table below) . 

 
Item  BC1  BC2  BC3  BC4  BC5  BC6  BC7  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  

 

Task 5 :  

 

This task examines the improvement options of transformers considered as best 

available te chnologies, in an attempt to improve upon the base -cases. Transformers 

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

the following options:  

-  The use of copper compared to aluminium conductors;  

-  The use of a circular lim b core cross -section;  

 

Also, other potential improvements include:  

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

losses (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 , synthetic esters  or biodegradable 

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

-  Incre asing the cross section of the conductor and cross section of the core ;  

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

-  The transformer design variability combining above improvements;  

-  Improved coatings  between the laminations of conventional sil icon steel ;  

-  Reducing the transformer noise.  

All improvement options increase the product price. Several improvement options 

increase the product volume and mass.  

 

The improvements options considered as Best No t yet  Available Technologies concern:  

-  Further improvements of Grain oriented magnetic steels , amorphous 

microcrystalline material  as core materials;  

-  The use of superconducting technology;  

-  The use of smart grid technology to switch off a by -pass transformers off peak 

load (system level);  

 

Task 6 :  

 

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

and economic impacts of the base -case with improvement options. With some 

exceptions, the improvement options prove to be economically superior and more 
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energy efficient. H owever, these improvement options are inferior regarding certain 

environmental impacts related to increased material use, such as waste, particulate 

matter, and eutrophication.  

 

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

throughout the study  on final results. It is concluded that while the results d o change in 

absolute numbers, generally the results remain 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 s, l oad 

form factor s (for DER transformers) , l ifetime s, e lectricity price s, t ransformer price s, 

discount rate  and i nstalled stock . 

 

Task 7 :  

 

Several policy options are proposed w ith a strong focus on the decrease of transformer 

load and no - load losses  compared to Business as Usual (BAU) . The chapter also 

includes recommendations on product definitions and the scope of the proposed 

measures . The table below summarises the Minimum E nergy Performance Standard  

(MEPS)  proposals for the distribution and power transformers.  

 

Product 
category  

Base - cases 
included  

MEPS Tier 1  

(2013)  

MEPS Tier 2  

(2018)  
Comment  

Oil - immersed 
distribution 

transformers  

BC 1, BC 2, 
BC 5  

For Ò630 kVA: A0Ck 
For >630 kVA: A0Ak  

Harmonisation 
to avoid 

having a 
subcategory  

MEPS in line with L east Life Cycle 
Cost (LLCC)  options (amorphous 

options excluded)  

Subcategory: 
pole mounted 
transformers  

none  

low loss core material 
(Ò0,95 W per kg at 1,7 

T at 50 Hz) if not 
possible to meet generic 

MEPS 

-  

Dry - type 

distribution 
Transformers  

BC 3, BC 6  A0Ak  -  

MEPS in line with LLCC options 
(slightly more ambitious for BC 3 to 

have a consistent regulation 
between oil - immersed and dry - type 

transformers)  

Lar ge Power 
Transformers  

BC 4  See Table 7-3 -  
MEPS more ambitious than LLCC 

(see text for justification) but less 
ambitious than the BAT  

Smaller Power 
Transformers  

BC 7  -  See Table 7-4 
MEPS in line with LLCC option 

(Business as Usual(BAU)) for Tier 1, 
more ambitious target kept for Tier 2  

 

Because of weight limitations, it might be that some pole mounted transformers can 

technically not satisfy the proposed maximum loss requi rements of the category óoil-

immersed distribution transformersô. For these transformers, an alternative 

requirement on core loss alone (W/kg) is proposed.  These transformers could also 

benefit from strict installation requirements in Member States. There are also generic 

ecodesign requirements proposals on the supply of product information.  The reasons 

why the authors believe that strictly implementing  identified  LLCC (A0+Ck, Ò630 kVA) 

for oil - immersed distribution transformers  cannot be done in the medium  term (Tiers 1 

and 2) are related to the uncertainty o n the availability  of amorphous material, 

transformer production in the EU,  copper price,  maintaining transformer price 

competition and some small functional differences of amorphous transformers 

(compa ctness, etc.).  However on the long term (Tier 3) such a target can be 

considered.  

 

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

large power transformers losses and proposal s to fill th ese gap s are  formulated.  For 
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seve ral standards, updates are re commended, especially to add  extra no load losses 

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

 

Policy recommendations such as benchmarking , financial  incentives or Green Public 

Procurement (GPP ) are made to  promote efficient power and distribution transformers. 

Several TSO/DSOs currently use a Total Cost of Ownership (TCO) that takes into 

account load and no - load losses. The TCO is also a suitable tool to drive the market 

towards more efficient transformers. It  should  however  not replace exclusively the 

MEPS but should only be used as a complementary tool to go beyond the MEPS in 

terms of energy efficiency if it is economically justified. Recommendations are made on 

the current TCO approach to in crease 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, more research is needed on fire behaviour of 

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

creation of a standard could be considered.  

 

The scenario analysis shows that significant energy savings are possible from a LLCC or 

BAT scenario over BAU, achieving up to 1 6 % and 28% electric savings in 2025 from 

102 TWh (BAU, annually in 2025), respectively. A MEPS scenario is also elaborat ed and 

would reduce by 17.2% the electricity losses in 2025, saving 17.8 TWh. In addition, the 

LLCC scenario is economically advantageo us and saves 1.5% of expenditures in 2025, 

while providing overall economic savings since 2011 starting in 2032. The MEPS 

scenario is expected to provide overall economic savings in 2048 (assuming that the 

electricity tariff will not increase).  

 

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

(anno 2010) of amorphous material and transformer production capacity within Europe.  
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CHAPTER     1  DEFINITION  

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

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 p arameters 

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 sec ondary 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 legislation s, 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 appropriate product groups while 

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

improvement potential for these products.  

 

Summary of Task 1 :  

Transformers are defined for use in the electrical transmission and distribution systems.  

These transformers can be segmented according to their applicat ion. 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 an d 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 or Safe Extra Low Voltage (SELV) (control) external power supply 

transfor mers (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 gener al terms 

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

5 kVA poly phase, hence lower ratings are not 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

Min 

(kVA)

S

Max

 (kVA)

S

Avg

 (kVA)
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scope Major subcategory name Type of Service and Sector

Main Type of Technology used or Functionality
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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 Euro pean 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 s up erseded by EN 50541 -1 in 201 1. 

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

perspective.  

-  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) defin ed in standards EN50464 -1, 

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

be achieved with actual technology. This is also 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 identifie s 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 ).  

 

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 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 tra nsformers (EN 60076 -x series). This gap should be 

closed as soon as possible . There are no Minimum Energy Performance Standard 

(MEPS)  reported for these small industrial transformers. Therefore MEPS are  considered 

in Task 7 on policy recommendations , based  on the full an alysis in the subsequent tasks.  
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MEPS for power transformers are 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.) . 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 

pow er versus 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 Voltage Equipment Directiv e (2006/95/EC) is applicable.  

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 indu strial 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 u p 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 e ssential 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 con verted by 

transformers into typical voltages of 220 kV up to 400 kV, or even higher. 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 do wn 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 passes 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 dis tribution 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 e nergy use per annum of the EU -25 is about 2 771.6 Terra  Watt  

hours (2005) [TWh] (1 TWh = 10 9 kWh). It is further estimated (Leonardo Energy 

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

distribution systems are ab out 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 (Leonar do 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 themselves. 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  



CHAPTER     1 

 

31  

380kV
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Transmission grids

 Transmission System Operator(TSO)

Distribution networks

Distribution System Operator(DSO)

= transformer symbol
    

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 load 

(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 voltages or special 

applications.  

1.2  Basic concept of a transf ormer  

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 a t 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 in dustry, 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. consisting of a tank and the cooling liquid. A 

transformer uses the core's magnetic properties and current i n 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 i n 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 transformers ï tech nical and non - technical 
solutions, 2008)  
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transformer with 50 primary turns and five secondary turns would s tep 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 cove red.  Transformer  óbushing ó is an insulating 

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

electrical grid.  

 

    

Figure 1-3: Cutaway  view of a distribution transformer  

1.3  I d entific ation 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  descri bes 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 physical 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 impa ct 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 acc epted 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), Gl obal 






















































































































































































































































































































































































































































































































































































































































































































































































































