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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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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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liquid or non liquid dielectric transformers. This subcategory is related to the type of 
cooling medium. Usi ng the product bill of materials, further technological subcategories 
can be defined by the material used for the coil windings (aluminium , copper) or core 
(silicon steel, amorphous steel).  
 
Hereafter is a short description of these subcategories. Please n ote that it is not the 
purpose to perform a full  analysis here in the report neither  to enter in the full details 
of each defined subcategory (e.g. grain oriented vs non grain oriented silicon steel). 
The detailed technical analysis of the subcategories wi ll be done in tasks 4 and 5.  
 

 

Figure 1-5 Liquid dielectric transformer  

Short description of liquid dielectric transformers, also called liquid - immersed 
transformers or liquid transformers or oil cooled tran sformers  
Liquid transformers  (Figure 1-5)  rely on oil or another liquid circulating around the coils 
for cooling. Liquid removes heat more effectively than air. Liquid filled transformers are 
smaller in size than dry - type units fo r the same power rating capacity and have lower 
losses due to their smaller dielectric distances. However, many liquids used in 
transformers are flammable and some older types were toxic.  
The identification of the cooling method for oil cooled transformer s is expressed by a 
four - letter code. The first letter expresses the internal cooling medium in contact with 
the windings. The second letter identifies the circulation mechanism for internal cooling 
medium. The third letter expresses the external cooling m edium. The fourth letter 
identifies the circulation mechanism for external cooling medium. The following cooling 
methods exist:  

 ONAN: Oil Natural Air Natural  
 ONAF: Oil Natural Air Forced  
 OFAN: Oil Forced Air Natural  
 OFAF: Oil Forced Air Forced  
 OFWF: Oil Fo rced Water Force d 

Other combinations are also possible.  
 
Short description of non liquid dielectric transformers  
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Please note that although the technical similarities these smaller industrial transformers 
are a very different products group because the standards are developed w ithin IEC/TC 
96 or other product or application standards. These products are not made by 
distribution transformer manufacturers.  The smaller transformers themselves are all 
technical very similar, the difference is often only in the insulation layer betwe en the 
primary and secondary  winding  and the output voltage  in the case of a control 
transformer . 

1.5.6  Any other functional subcategories of transformers not defined before  

Depending on the wiring transformers can be either  three phase or  single phase  
transform ers.  Single phase are worth mentioning but they are in Europe not a 
significant volume, these can be found in Japan or US but they have a different 
distribution system due to lower line voltage (110 VAC).  
 
One can discriminate pole and non pole mount distr ibution transformers. This aspect is 
especially dealt with in Task 7 on policy recommendations.  
 
Oil filled transformers with biodegradable or synthetic oil .  
For energy efficiency please consult the section on standards.  

1.5.7  Proposed scope of this study and fi rst screening of the results  

When defining the system boundaries, the following elements should be taken into 
account:  

 To define transformers with similar characteristics, e.g. type of technology and 
apparent power, in order to be able to derive meaningful  conclusions regarding 
design options, improvement potential and finally potential policy options in later 
tasks or chapters.  

 To define and identify product groups, e.g. type of service and application 
(industry, household,..), suitable for later legislati on, the preference is given to 
product boundaries connected to technical performance parameters. The 
definition of product groups solely on the basis of application without clear 
verifiable technical parameters might create loopholes if the proper incentiv es or 
installation requirements are missing.  

 
Table 1-2 summarizes the major previously defined product sub categories  and their 
relation to the type of service, sector  of application, technology used, functionality and 
typical rat ed power (S) .  
 
Table 1-3 and Table 1-4 contain the first screening of the volume of sales and trade, 
environmental impact and potential for improvement of the se product subcategories  as 
referred to in Art icle  15 of the Ecodesign Directive.  
  
Table 1-3 in particular includes the first screening on potential annual energy savings 
per product subcategory. The table compares the estimated annual Electricity Energy 
use (TWh) for 2005 a nd the projected Electricit y use (TWh) in the assumption that only  
very efficient products with BAT (Best Available Technology)  are used . Please note that 
a more detailed analysis will be done in the later task s. The first rough estimated 
impact of smaller  industrial transformers is very low (<0.3 TWh). This is in line with the 
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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)

Study 
scope Major subcategory name Type of Service and Sector

Main Type of Technology used or Functionality
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Table 1-2: Summary table on product categories of transmission and distribution transformers (green) and other non transmission and 
distribution t ransformers (grey)  
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AF AF
y MV/LV Distribution transformer 250 3600000 140400 3250 650 25.6 2350 300 9.0
n line voltage restorers 25 36000 NA NA NA 0.0 NA NA NA 0.0
y DER LV/MV transformers 2000 20000 2900 NA NA 0.6 NA NA NA 0.5
y Industry MV/LV oil transformer 630 800000 43200 6500 1300 19.1 4600 600 11.7
y Industry MV/LV dry transformer 800 170000 8047 10000 2500 7.0 6500 1600 3.0
y Power transfomer 1E+05 64400 1803 300000 80000 59.6 260000 28000 28.0
y Phase shifter 1E+05 650 17 300000 80000 0.6 260000 28000 0.3
y Seperation/isolation transformer 16 7500000 75000 750 110 0.12 0.2 450 110 0.12 0.1

y/n Control transformer 1.6 merged merged merged  -  -  -  -  -  - 0.0
n Safety transformers 0.06 20000000 6000000 6 6 0.12 0.2 9 7.5 0.12 0.1

n speciality/consumer transformers NA NA NA NA NA NA 0 NA NA NA 0.0

n magnetic halogen transformers 0.06 1E+08 6000000 6 6 0.08 0.8 0.6

Acronyms used are: kW kW MWh
LV: Low Voltage 80 300 45552 360000
MV: Medium Voltage
Pk: Load losses 1E+06
Po: No load losses ######
DSO: Distribution System Operator 360000
NA: Not Applicable
S: Rated Power
BAT: Best Available Technology
AF: Availability Factor
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Pk BAT 
(W)

Po BAT 
(W)

Pk Avg 
sales 
2005 
(W)

Po Avg 
sales 
2005 
(W)

S
Avg

 (kVA)

Study 
scope Major subcategory name

Stock 
2005 

(Kunits)

Annual
 sales 
(units)

 

Table 1-3: Summary Table with first impact  screening of  Annual Electricity Energy use  (TWh)  estimated for 2005 and projected  
Electricity use (TWh)  in the assumption of all BAT products  (No te: these values impact values are updated in later chapters)  
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rel. rel. rel. rel. Trend Trend Trend Trend

y MV/LV Distribution transformer M M M M  - ?  +  -

n line voltage restorers M N N N 0 0 0 0

y DER LV/MV transformers M M L M  - ?  ? 0

y Industry MV/LV oil transformer M N N N  - ?  ?  -

y Industry MV/LV dry transformer M L L M  - ?  ? 0

y Power transfomer M L L M  - 0 0  -

y Phase shifter M L L M  - 0 0  -

y Seperation/isolation transformer M L L N  - ?  + 0

y/n Control transformer M L L N  - ? 0 0

n Safety transformers M L L N  -  +  + 0

n speciality/consumer transformers M ? ? ? ? ?  ? ?

n magnetic halogen transformers H M L M  -  +  + 0

Acronyms used are:
LV: Low Voltage
MV: Medium Voltage
Pk: Load losses
Po: No load losses
DSO: Distribution System Operator
NA: Not Applicable
S: Rated Power
BAT: Best Available Technology
AF: Availability Factor
EMF: ElectroMagnetic Fields

Study 
scope Major subcategory name
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Table 1-4:Non Energy related first impact screening per major subcategory







http://library.abb.com/global/scot/scot292.nsf/veritydisplay/4af3f4e6a43df7aec1256d630042c2fc/$File/ProductDeclarationStarTrafo63.PDF
http://library.abb.com/global/scot/scot292.nsf/veritydisplay/4af3f4e6a43df7aec1256d630042c2fc/$File/ProductDeclarationStarTrafo63.PDF
http://www.environdec.com/reg/e_epd56.pdf
http://www.dantes.info/Publications/Publication-doc/DANTES%20ABB%20LCA%20study%20of%20instrument%20transformers.pdf
http://www.dantes.info/Publications/Publication-doc/DANTES%20ABB%20LCA%20study%20of%20instrument%20transformers.pdf
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official languages, a TR is approved by the Technical Board or by a Technical 
Committee by simple majority. No lifetime limit applies  

 Harm onization Documents (HD) : Same characteristics as the EN except for 
the fact that there is no obligation to publish an identical national standard at 
national level (may be done in different documents/parts), taking into 
account that the technical content of the HD must be transposed in an equal 
manner everywhere  

1.7.1.1.1  EN-50xxx standards  

EN 50195:1996  
Code of practice for the safe use of fully enclosed askarel - filled electrical equipment   
EN 50216 - 1:2002  
Power transformer and reactor fittings --  Part 1: Gener al  
EN 50216 - 2:2002/A1:2002  
Power transformer and reactor fittings --  Part 2: Gas and oil actuated relay for liquid 
immersed transformers and reactors with conservator   
EN 50216 - 3:2002/A2:2006  
Power transformer and reactor fittings --  Part 3: Protective  relay for hermetically sealed 
liquid - immersed transformers and reactors without gaseous cushion  
EN 50216 - 4:2002  
Power transformer and reactor fittings --  Part 4: Basic accessories (earthing terminal, 
drain and filling devices, thermometer pocket, wheel assembly)   
EN 50216 - 5:2002/A2:2005/A3:2006   
Power transformer and reactor fittings --  Part 5: Liquid level, pressure and flow 
indicators, pressure relief devices and dehydrating breathers  
EN 50216 - 6:2002  
Power transformer and reactor fittings --  Part 6 : Cooling equipment -  Removable 
radiators for oil - immersed transformers   
EN 50216 - 7:2002  
Power transformer and reactor fittings --  Part 7: Electric pumps for transformer oil  
EN 50216 - 8:2005/A1:2006   
Power transformer and reactor fittings --  Part 8: But terfly valves for insulating liquid 
circuits   
EN 50216 - 9:2009  
Power transformer and reactor fittings --  Part 9: Oil - to -water heat exchangers  
EN 50216 - 10:2009  
Power transformer and reactor fittings --  Part 10: Oil - to -air heat exchangers   
EN 50216 - 11:20 08  
Power transformer and reactor fittings --  Part 11: Oil and winding temperature 
indicators   
prEN 50216 - 12:2007  
Power transformer and reactor fittings --  Part 12: Fans  
EN 50225:1996  
Code of practice for the safe use of fully enclosed oil - filled elect rical equipment which 
may be contaminated with PCBs  
EN 50299:2002  
Oil - immersed cable connection assemblies for transformers and reactors having highest 
voltage for equipment Um from 72,5 kV to 550 kV   
EN 50464 - 1:2007  
Three -phase oil - immersed distributi on transformers 50 Hz, from 50 kVA to 2 500 kVA 
with highest voltage for equipment not exceeding 36 kV --  Part 1: General 
requirements  
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FprEN 60076 - 16:2009  
Power transformers --  Part 16: Transformers for wind turbines application  
FprEN 61378 - 1:200X  
Convertor transformers --  Part 1: Transformers for industrial applications   
EN 60214 - 1:2003  
Tap-changers --  Part 1: Performance requirements and test methods  
EN 61378 - 1:1998  
Convertor transformers --  Part 1: Transformer s for industrial applications   
EN 61378 - 2:2001  
Convertor transformers --  Part 2: Transformers for HVDC applications    

1.7.1.1.3  Technical Reports  

CLC/prTR 50XXX  
Three -phase substation transformers less than or equal to 170 kV and 100 MVA   
CLC/TR 50453:2007  
Evaluation of electromagnetic fields around power transformers  
CLC/TR 50462:2008  
Rules for the determination of uncertainties in the measurement of the losses on power 
transformers and reactors  

1.7.1.1.4  Harmonization documents  

HD 428.1 S1:1992/A1:1995  
Three -phase oil - immersed distribution transformers 50 Hz, from 50 to 2500 kVA with 
highest voltage for equipment not exceeding 36 kV --  Part 1: General requirements and 
requirements for transformers with highest voltage for equipment not exceeding 24 kV   
HD 428.3 S1: 1994 CLC/TC 14   
Three -phase oil - immersed distribution transformers 50 Hz, from 50 to 2500 kVA, with 
highest voltage for equipment not exceeding 36 kV --  Part 3: Supplementary 
requirements for transformers with highest voltage for equipment equal to 36 kV  
HD 428.1 S1:1992  
Three -phase oil - immersed distribution transformers 50 Hz, from 50 to 2500 kVA with 
highest voltage for equipment not exceeding 36 kV --  Part 1: General requirements and 
requirements for transformers with highest voltage for equipment not exceeding  
HD 538.1 S1:1992/A1:1995  
Three -phase dry - type distribution transformers 50 Hz, from 100 to 2500 kVA, with 
highest voltage for equipment not exceeding 36 kV --  Part 1: General requirements and 
requirements for transformers with highest voltage f or equipment not exceeding 24 kV  
HD 538.2 S1:1995  
Three -phase dry - type distribution transformers 50 Hz, from 100 to 2500 kVA, with 
highest voltage for equipment not exceeding 36 kV --  Part 2: Supplementary 
requirements for transformers with highest volta ge for equipment equal to 36 kV   
HD 538.3 S1:1997  
Three -phase dry - type distribution transformers 50 Hz, from 100 to 2500 kVA, with 
highest voltage for equipment not exceeding 36 kV --  Part 3: Determination of the 
power rating of a transformer loaded with  non -  sinusoidal current  
 
The most relevant standards are explained below.  
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Table 1-6 Example of proposed classes for dry - type tra nsformers in prEN 50541 -1 for 
17.5 kV and 24 kV rated voltage  dry - type tran sformers with 6% impedance voltage.  

1.7.1.2.2  European (EN) Test Standards on other ecodesign parameters  

Most of current test standards and legislations are related to energy efficiency, and 
thus to electricity consumption which has impact mainly on the environmenta l indicator 
Global Warming Potential. These standards were described in the previous section.  
However, this study does not focus on a specific environmental impact and on energy 
efficiency other ecodesign parameters were identified (see section 1.3 ). There might 
also be a relationship between energy efficiency and the other identified transformer 
performance parameters (see section 1.6 ).  
The relationship with the other ecodesign parameter is included  in Table 1-7.  
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1.7.2.1  List of CENELEC TC 96 standards  

EN 61558 - 1:2005/A1:2009 CLC/SR 96  
Safety of power transformers, power supplies, reactors and similar products --  Part 1: 
General requirements and tests  
EN 61558 - 2 - 1:200 7 CLC/SR 96  
Safety of power transformers, power supplies, reactors and similar products --  Part 2 -
1: Particular requirements and tests for separating transformers and power supplies 
incorporating separating transformers for general applications  
EN 61558 - 2 - 2:2007 CLC/SR 96  
Safety of power transformers, power supplies, reactors and similar products --  Part 2 -
2: Particular requirements and tests for control transformers and power supplies 
incorporating control transformers  
EN 61558 - 2 - 3:2000 CLC/SR 96  
Safe ty of power transformers, power supply units and similar devices --  Part 2 -3: 
Particular requirements for ignition transformers for gas and oil burners  
FprEN 61558 - 2 - 3:2008 CLC/SR 96  
Safety of transformers, reactors, power supply units and similar produc ts for supply 
voltages up to 1100 V --  Part 2 -3: Particular requirements and tests for ignition 
transformers and ignition power supply units incorporating ignition transformers for gas 
and oil burners  
EN 61558 - 2 - 4:2009 CLC/SR 96  
Safety of transformers, r eactors, power supply units and similar products for supply 
voltages up to 1 100 V --  Part 2 -4: Particular requirements and tests for isolating 
transformers and power supply units incorporating isolating transformers  
EN 61558 - 2 - 5:1998/A11:2004 CLC/SR 96  
Safety of power transformers, power supply units and similar --  Part 2 -5: Particular 
requirements for shaver transformers and shaver supply units  
FprEN 61558 - 2 - 5:2008 CLC/SR 96  
Safety of transformers, reactors, power supply units and similar products for  supply 
voltages up to 1 100 V --  Part 2 -5: Particular requirements and tests for shaver 
transformers, power supply units incorporating a shaver transformer and shaver supply 
units  
EN 61558 - 2 - 6:2009 CLC/SR 96  
Safety of transformers, reactors, power suppl y units and similar products for supply 
voltages up to 1 100 V --  Part 2 -6: Particular requirements and tests for safety isolating 
transformers and power supply units incorporating safety isolating transformers  
EN 61558 - 2 - 7:2007 CLC/SR 96  
Safety of power  transformers, power supplies, reactors and similar products --  Part 2 -
7: Particular requirements and tests for transformers and power supplies for toys  
EN 61558 - 2 - 8:1998 CLC/SR 96  
Safety of power transformers, power supply units and similar --  Part 2 -8:  Particular 
requirements for bell and chime transformers  
FprEN 61558 - 2 - 8:2009 CLC/SR 96  
Safety of transformers, reactors, power supply units and similar products for supply 
voltages up to 1100 V --  Part 2 -8: Particular requirements and tests for bell and  chime 
transformers  
EN 61558 - 2 - 9:2003 CLC/SR 96  
Safety of power transformers, power supply units and similar products --  Part 2 -9: 
Particular requirements for transformers for class III hand lamps  for tungsten filament 
lamps  
FprEN 61558 - 2 - 9:2008 CLC/SR 96  
Safety of transformers, reactors, power supply units and similar products for supply 
voltages up to 1100 V --  Part 2 -9: Particular requirements and tests for class III 
tungsten filament hand lamps  and power supply units incorporating transformers for 
class III tungsten filament hand lamps   
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USA Department  of Energy Maximum Technologically Feasible Levels  for Single 
and Three Phase Dry - Type distribution transformers .  
(Tests to be done at 50% of rated loading,  60Hz operation)   
[Figures for BIL of 46 -95 kV will correspond to rated voltage of about 11 kV.]  
 

 
 
The US has three tables of efficiency values for distribution transformers.  The first two 
tables below present the MEPS levels that were adopted for liquid - immersed and 
medium -voltage dry - type transformers by the US Department of Energy in October 
2007.  The third table presents the MEPS levels that were adopted by the US Congress 
for low -voltage dry - type transformers as part of the Energy Policy Act of 2005.  All of 
these efficiency levels are presently under review at DOE as part of an active regulatory  
review programme.  
 
USA Department of Energy Minimum Efficiency Levels for Regulation of Liquid -
immersed Distribution Transformers  

Single-phase Three-phase 

kVA Efficiency (%) kVA Efficiency (%) 

10 98.62 15 98.36 

15 98.76 30 98.62 

25 98.91 45 98.76 

37.5 99.01 75 98.91 

50 99.08 112.5 99.01 

75 99.17 150 99.08 

100 99.23 225 99.17 

167 99.25 300 99.23 

250 99.32 500 99.25 

333 99.36 750 99.32 

500 99.42 1000 99.36 

667 99.46 1500 99.42 

833 99.49 2000 99.46 

  2500 99.49 
Note: All efficiency values are at 50 percent of nameplate - rated load, determined according to the DOE Test -
Procedure. 10 CFR Part 431, Subpart K, Appendix A  
 





CHAPTER     1 
 

74  

 
As mentioned before, the US standards and  legislation have a lower  relevance in this 
study due to the differences in electrical grid and standards.  Material prices are 
comparable, energy costs are becoming comparable and IEEE and IEC standards are 
similar.  
 
Canada  
Canada uses three Canadian stan dards for efficiency specifications for distribution and 
power transformers:  
 

 CSA-C802.1 -00, Minimum Efficiency Values for Liquid -Filled Distribution 
Transformers  

This Standard provides minimum efficiency values derived from those defined for liquid -
fille d distribution transformers in NEMA Standard TP 1.  It was found that efficiencies so 
obtained approximate the results of a survey conducted nationally among Canadian 
users and manufacturers.  
 

 CSA-C802.2 -00, Minimum Efficiency Values for Dry -Type Transform ers  
This standard  apply to single -  and three -phase, 60 Hz, dry - type transformers with a 
primary voltage of 35 kV and below and a secondary voltage of 600 volts and below, 
rated 15 to 833 kVA for single -phase and 15 to 7500 kVA for three -phase.  
 
The current  dry type  efficiency levels in Canada differ from the NEMA TP 1 levels 
because of  specific local Canadian manufacturing situations. They are shown in below  
table . 
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Canadian Standard Levels for Dry - type Transformers. (from CSA C802.2)  

 
 
 

 CSA-C802.3 -01, Min imum Efficiency Values for Power Transformers.  
This Standard applies to power transformers rated from 501 to 10 000 kVA. This 
Standard specifies maximum losses for power transformers of types similar to or as 
described in CSA Standard CAN/CSA -C88.  The los ses specified are for normal designs 
of transformer, as described in the relevant clauses, but in addition losses are specified 
for some special designs that are also described.  
 
Canada follows NEMA TP-1 strictly but the mandatory levels apply only for dry  type 
transformers. In Canada the Office of Energy Efficiency (OEE) of Natural Resources 
Canada (NRCan) has amended Canada's Energy Efficiency Regulations (the 
Regulations) to require Canadian dealers to comply with minimum energy performance 
standards for  dry - type transformers imported or shipped across provincial  borders for 
sale or lease in Canada. The standards are harmonized with NEMA TP -1 and TP -2 
standards.  
Amendment 6 of Canada's Energy Efficiency Regulations was published on April 23, 
2003. The reg ulation of dry - type transformers has been included in this amendment 
with a completion date of January 1, 2005. This requires all dry - type transformers, as 
defined in this document, manufactured after this date to meet the minimum efficiency 
performance st andards.  
As far as oil transformers are concerned, Canada has conducted analysis of MEPS 
implementation potential and found that the great majority of Canadian oil distribution 
transformers already comply with NEMA TP -1 so the standard would almost have no  
influence on the market. The yearly MEPS standard impact would only be 0.98 GWh for 



http://oee.nrcan.gc.ca/regulations/bulletin/drytype-transformers-june-2010.cfm?attr=0
http://oee.nrcan.gc.ca/regulations/bulletin/drytype-transformers-june-2010.cfm?attr=0
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Existing and proposed MEPS lev els for dry - type transformers  

 
 
New Zealand follows the Australian regulation for distribution transformers.  
 
Japan  
Japan has a different type of distribution system, with the last step of voltage 
transformation much closer to the consumer. The majority o f units are pole mounted 
single phase transformers. The driver for setting up minimum efficiency performance 
standards was the Kyoto commitment. Transformers, together with other 17 categories 
of electrical equipment, should meet minimum efficiencies. In c ase of transformers, the 
efficiency is defined at 40% load. Target average efficiency has been defined for the 
year 2006 (oil) or 2007 (dry type), based on the best products on the market in 2003. 
This Japanese MEPS is currently the most demanding compared  to other regulated ones, 
and is designed in different way than any other ones. The maximum watts of loss (sum 
of no load and load losses) under the Top Runner programme for different models of 
transformer are described by equations (see Table 1-8).  
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Table 1-8: Types of distribution transformers in Japan  

Please note that the difference between Oil filled and Dry type transformers are related 
to cooling, see also 1.3 . 
 
This scheme is a part of the 'Top runner Program' which either defines the efficiency for 
various categories of a product type, or uses a formula to calculate minimum efficiency. 
This program, which covers 18 different categories of appliance s, has some major 
differences compared to other minimum efficiency performance programs. For example, 
it refers to the average particular manufacturer sold populations while manufacturers or 
importers who ship less than 100 units in total are excluded, but  display obligations 
must be met regardless of the number of units shipped. The minimum standard is not 
based on the average efficiency level of products currently available, but on the highest 
efficiency level achievable. However, the program does not imp ose this level 
immediately, but sets a target date by which this efficiency level must be reached. A 
manufacturer's product range must, on average, meet the requirement. It is not 
applied to individual products. The program shall deliver approximately 30.3 % 
improvement in efficiency compared to 1999 levels by the target year. Labelling  of the 
products is mandatory. A green label signifies a product that meets the minimum 
standard, while other products receive an orange label.  
Noise level should be determine d in accordance with installation environment. Japanese 
transformers for utility companies are regulated as  <45dB in the  rural areas, 50dB in 
other areas.  
As mentioned before, the Japan legislation has little  relevance in this study du e to the 
differences in electrical  grid and standards.  
 
China  
In China, the standards have been regularly upgraded starting from 1999. S7 and the 
next S9 have been replaced with new standard S11, which has losses slightly below 
Europe's AC' level. The MEPS defines allowable le vels for non - load and load losses. 
These standards, approved by the State Bureau of Quality and Technology Supervision, 
are defined for distribution and power transformers covered in China. They stipulate 
maximum load and no - load losses for oil immersed ty pes ranging from 30 to 31500 
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Maximum Permissible Transformer Loss Levels for the Indian BEE Star  
Classification: for three phase liquid - insulated transformers  

 
 
 
The scheme is a cooperative venture betw een public and private organizations that 
issues rules and recommendations under the statutory powers vested with it. The 5 -
star program stipulates a lower and a higher limit for the total losses in transformers, 
at 50% load. The scheme recommends replacin g transformers with higher star rated 
units  
 
The 12th of January 2009, the Indian authorities, Bureau of Energy Efficiency (BEE), 
published the project of regulation before the final adoption in March 2009.  
Since this date, the manufacturers will have 6 mo nths to apply the requirements of the 
labelling . In comparison to the EU energy labelling  program, the Indian one was 
voluntary since this time.  
The label shall be displayed on every product and available at the point of sale.  
To qualify the star rating, t he manufacturers are invited to use the Indian standards 
such as the IS 1180: 1989 for testing conditions of distribution transformers.  
 
The scope of the regulation for distribution transformer is: oil immersed, naturally air 
cooled, three phase and double  wound non sealed type outdoor distribution transformer 
of standard ratings of 16, 25, 63, 160, 200 kVA being manufactured and commercially 
purchased or sold in India.  
 
For labelling  criteria, further information is available here:  
http://www.bee - india.nic.in/search.php?id=Distribution%20Transformer  
 
 
Mexico  
Mexico sets MEPS at slightly less stringent levels; 0.1% to 0.2% below TP -1 efficiency. 
As in Australia, the Mexican ME PS includes voluntary and mandatory elements. The 
Normas Officials Mexicanas (NOM) defines minimum efficiency performance standards 
for transformers in the range from 5 to 500 kVA, and a compulsory test procedure for 
determining this performance. For each power category, maximum load and non - load 
losses are imposed.  
 
The t able below shows the Mexican levels that are currently used.  
 
 

http://www.bee-india.nic.in/search.php?id=Distribution%20Transformer
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y MV/LV Distribution oil transformer EN 50464-18 EN 60076-x EN 60076-10 EN 504133 EN 602967 EN 60076-1 EN 60076-1 EN 60076-1 NA4 EN 60529 NA4 NA4 NA4

y MV/LV Distribution dry transformer HD 5381 EN 60076-x EN 60076-10 EN 504133 NA4 EN 60076-115 EN 60076-115 EN 60076-115 EN 600855 EN 60529 EN 60076-115 EN 60076-115 EN 60076-115

y Line voltage restorers (dry) None EN 60076-x EN 60076-10 EN 504133 NA4 EN 60076-1 EN 60076-1 EN 60076-1 EN 600855 EN 60529 EN 60076-115 EN 60076-115 EN 60076-115

y DER LV/MV transformers (oil-dry/20-80) see distri. EN 60076-162 EN 60076-10 EN 504133 EN 602967 EN 60076-1 EN 60076-1 EN 60076-1 EN 600855 EN 60529 EN 60076-115 EN 60076-115 EN 60076-115

y Industry MV/LV oil transformer6 EN 50464-1 EN 60076-x EN 60076-10 EN 504133 EN 602967 EN 60076-1 EN 60076-1 EN 60076-1 NA4 EN 60529 NA4 NA4 NA4

y Industry MV/LV dry transformer6 HD 5381 EN 60076-x EN 60076-10 EN 504133 NA4 EN 60076-1 EN 60076-1 EN 60076-1 EN 600855 EN 60529 EN 60076-115 EN 60076-115 EN 60076-115

y Power transfomer (oil) None EN 60076-x EN 60076-10 EN 504133 EN 602967 EN 60076-1 EN 60076-1 EN 60076-1 NA4 EN 60529 NA4 NA4 NA4

y Phase Change transformer (oil) None EN 60076-x EN 60076-10 EN 504133 EN 602967 EN 60076-1 EN 60076-1 EN 60076-1 NA4 EN 60529 NA4 NA4 NA4

y Small industrial transformers (dry) None EN 61558-1 None EN 62041 NA4 EN 61558-x EN-61558-x EN-61558-x EN 600855 EN 60529 EN-61558-x EN-61558-x

1 Will be superseded by EN-50541-1
2 Transformers for wind turbine applications - Standard in Draft stage
3 Basic standard on measurement and calculation procedures for human exposure to electric, magnetic and electromagnetic fields (0Hz-300GHz)
4 Not applicable
5 Applicable for dry type transformers and update might be needed
6 Same technology as distribution tranformers
7 EN 60296: Mineral oil, EN 60836: Dimethyl silicone, EN 61099: Synthetic ester, EN 60867: Synthetic Hydrocarbon  
8 EN 50464: Level A0 or Ak might not be ambitious enough
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Figure 1-10 : Summary of EN Transformer Standards  
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Transformer 
type  

Rated Power  
S in  KVA Class 

Stock  Stock  Stock  New installed 
sales  

Replacement 
sales  

Total sales  Total sales  

1990  2005  2020  1990  
-2005  

2005  
 -   

2020  

1990  
-  

2005  

2005  
-  

2020  
1990  2005  2020  

stock  sales  stock  sales  1000  
units  

1000  
units  

1000  
units  

% 
p.a.  

%  
 p.a.  

%  
 p.a.  

%  
p.a.  

%  
 p.a.  

Units  
 p.a.  

Units  
 p.a.  

units  
p.a.  

Smaller 
Industrial 
Transformers  

16  16  Pk 750 W  
P0 110 W  

Pk 750 W  
P0 110 W  750  750  750  0 0 10  10  10  75000  75000  75000  

Distribution 
transformer 
(oil)  

250  400  EoCk DoCk  2714  3600  4459  1.9  1.4  2.5  4.4  3.9  119438  140400  173.891  

DER 
transformers 
oil immersed  

2000  2000  EoCk EoCk 

0.25  20  89  34  10.5  0 34  10.5  94  2.900  12967  
DER 
transformers 
dry - type  

2000  2000  

Equivalent to 

oil  

Equivalent to  

oil  

Industry oil 
transformer  630  1000  EoCk EoCk 603  800  991  1.9  1.4  4 5.9  5.4  35590  43200  53505  

Industry dry 
transformer  800  1250  Pk 10000 W   

Po   2500 W  
Pk 13100 W  
Po   2800 W  128  170  211  1.9  1.4  3.3  5.2  4.7  6708  8047  9966  

Power 
transform er  100000  100000  

Pk 300000 W  
Po   80000 W  
(anno 1990)  

Pk 3 26 000 W 
Po   405 00 W  49  64.35  80  1.9  1.4  1.4  3.3  2.8  2539  3046  3772  

Phase  100000  100000  Pk 300000 W  
Po   80000 W  

Pk 3 26 000 W 
Po   405 00 W  0.49  0.65  0.81  1.9  1.4  1.4  3.3  2.8  26  31  38  

Total transf ormers  3466  4655  5832   239396  272623  329140  

Table 2-1: Summary of MEEuP market parameters





http://epp.eurostat.ec.europa.eu/
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The market trends for different categories of transformers are presented in Figure 2-1 
(in  units) and Figure 2-2 (in Euros).  
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Figure 2-1: Transformer market for the EU -27, in thousands of units  

-400,00

100,00

600,00

1100,00

1600,00

2100,00

19
95

*

20
04

20
05

20
06

20
07

19
95

*

20
04

20
05

20
06

20
07

19
95

*

20
04

20
05

20
06

20
07

19
95

*

20
04

20
05

20
06

20
07

19
95

*

20
04

20
05

20
06

20
07

19
95

*

20
04

20
05

20
06

20
07

31.10.41.30 LLP 31.10.41.53 LMLP31.10.41.55 LMHP 31.10.41.70 LHP 31.10.43.30 DLP 31.10.43.50 DHP

M
illi

on
s 

of
 E

ur
os

Apparent Consumption (million �¦)

 

Figure 2-2: Transformer market for the EU -27, in millions of Euros  
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2.1.2.2  Pr odcom Sales growth  

Because the data from 19 95 is only an estimate, it is more reasonable to assess trends 
between 2004 and 2007. However, it is important to remember that the growth of 
apparent consumption in units is not linear from 2004 to 2007, as seen in Figure 2-1. 
Apparent consumption is used to summarize the results in graphical form in Figure 2-3 
to Figure 2-5, Figure 2-3 show s absolute change, while Figure 2-4 and Figure 2-5 
display relative change both in units and in Euros, which is the contribution of each 
category of transformer to the over all growth of the market. It is interesting to note 
that quantity of units and the market value do not appear to be directly related, e.g. 
negative unit growth but positive monetary growth with LLP (distribution  oil) and LHP 
(power oil) transformers. This  could be related to changes in material prices or supply 
and demand changes (i.e. sudden increase in demand for this kind of transformers due 
to higher power production and demand, combined with limited transformer production 
capacity lead to higher price  settings), or to the unreliability of the Prodcom data as 
already mentioned above . 

 In terms of absolute growth of apparent consumption in units, DHP (DER and 
industry dry) is leading with 235%, followed by LMLP (Industry oil (LV)) with 196%. 
However, for relative growth, DLP (industry dry) is strongest by contributing to 68% 
of the growth in the transformer market.  

 For absolute growth of the monetary value of apparent consumption, LHP (power 
oil) and LLP (distribution oil) are leading with 132% and 128% gr owth, respectively. 
These are also the two strongest contributors to relative growth, with LHP (power 
oil) having 44% growth and LLP (distribution oil) 23%.  

 









http://www.iea.org/
http://www.eurostat.com/
http://www.e-cigre.org/
http://www.ucte.org/
http://www.ewea.org/
http://www.eupvplatform.org/
http://www.epia.org/
http://www.eurelectric.org/
http://www.erec.org/
http://simap.europa.eu/
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EU- 25 region  

Stock 27  

Distribution  
oil 28  

Industry  
 oil 28  

Industry  
dry 28  

Power  
 oil 29  

DER  
 dry 30  

EAST 148100  42100  4250  

65000  20000  

MID  2366800  368600  101590  

NORTH 300000  35800  38960  

SOUTH 794400  334500  24680  

Total  3609300  781000  169480  

Table 2-5: Overview of the number transformer in 2005 in the EU -25 region (based on 
SEEDT study, 2005 and information from T&D Europe)  

 With:  EAST: Czech Republic, Hungary, Slovakia, Slovenia,  
MID: Austria, B elgium, Germany, France, Ireland, Luxembourg, Netherlands, Poland and 

the  UK 
  NORTH: Denmark, Estonia, Finland, Lithuania, Latvia and Sweden  
  SOUTH: Cyprus, Greece, Italy, Malta, Portugal and Spain    

 
The five MS with the biggest transformer stock are Ge rmany, Spain, France, Italy, and 
Poland, with more than about 300,000 (PL) to more than 800,000 (FR) units.  
 
Details MV/LV distribution  and  large  industry transformers  
 
Table 2-6 present the summary on EU -25 of the installed num ber and capacity  of 
MV/LV distribution and industry transformers for the year 2004. According to the 
SEEDT data 31  and the estimations for Romania and Bulgaria the overall number of EU -
27 MV/LV distribution and industry transformers is estimated at 4,6 milli on units in 
2004.  
 

                                           
27  Stock= installation in service  
28  Data from SEEDT study  
29  Data from T&D Europe  
30  Calculated based on wind energy production figures (see paragraphs below) and checked with 
T&D Europe  
31  Source, SEEDT  : Analysis of existing situation of energy efficient transformers -  technical and 
non technical solutions, EIE/05/056/SI2.419632  (SEEDT, 2005) and info from T&D Europe 
(meeting 17/03/2009 and 04/06/2009)  



http://www.eandis.be/
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All (99,99%) MV/LV distribution transformers  are oil - immersed.   For industry 
transformers about 80% are oil - immersed transformers. Acc ording to T&D Europe, 
however, about 50% of industry transformers are  oil - immersed and another 50% is 
dry.  
 
T&D Europe (04/06/2009) reports the following average rating  for MV/LV distribution 
and  industry transformers which are currently in service:  
 

Stoc k  EU -27  

Sector  Average Rated Power  
(kVA)  

Distribution  oil  250  

Industry oil  630  

Industry dry  800  

 
Figure 2-6 and Figure 2-7 (source: SEEDT) contain more detailed data  on kVA relative 
distribution in population covering three main sectors; MV/LV distribution (=utilities, 
oil - immersed), industry oil - immersed and industry dry type.  
 
It is visible that utilities operate at lower ratings, while industry and particularly dr y 
type transformers have much higher ratings in average. The lower rating of utilities can 
be explained by transformers that are installed in rural areas. Figure 2-6 contains more 
detailed country data (SEEDT, 2005 ).  
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Figure 2-6: Number and average rating of EU -25 + Norway oil - immersed 
distribution(MV/LV)  transformers (source: SEEDT)  

 

Figure 2-7: Ratings distribution across populations (source: SEEDT)  

Details power transformers  
 
In the ENTSOE 33  grid excluding the UK and Sweden 6283 GVA transformers were 
installed in 2005.  

                                           
33  source ENT SOE: www. ENTSOE.org  INFORMATION UPON THE TRANSFORMERS ON 
DECEMBER 31st (IN GVA) ( Database: 15.04.2009  for year 2005 )    
        

http://www.ucte.org/
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Region  
Po pulation (thousands)  

1990  2005  2020  

EAST 60000  57120  55948  

MID  267257  282900  293617  

NORTH 26569  26739  27697  

SOUTH 116563  124264  136575  

TOTAL 470388  491024  513838  

Table 2-14 : Overview of the number of i nhabitants in the EU -27 region (Eurostat)  

The table below includes the number of households in the EU -27 region (Source: 
REMODECE study).  
 

2005

millions

EAST 39,7

MID 113,7

NORTH 9,5

SOUTH 47,6

TOTAL 210,5

Region

 

Table 2-15 : Overview of the number of households in the EU -27 region  (source: 
REMODECE project)  

This parameter is used for the estimation of the number of transformers installed in 
1990 and the prediction for 2020.  
 

2.2.6.4  Electricity Use Total EU - 27 in all sectors  

Based on the figures from Eurelectric (report 2006) the total ene rgy demand for EU -25 
(RO and BG not included as they accessed in 2007) is given in Table 2-16  for the 
reference years 1990, 2005 and 2020.  
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Annual demand Avg load
TWh MW

Household 795 90753
Other utility (services) 758 86530

Transport 74 8447
Industry 1136 129680

Total 2763 315411  

Table 2-17 : Energy demand and average load per sector in EU27 in 2005.  

This parameter is used for the estimation of the number of transformers installed in 
1990 and the prediction for 2020.  

2.2.6.5  Electricity use in households in EU - 2 7  

Table 2-18  shows 2005 electricity consumption in households by region. It is clear that 
middle Europe uses more electricity and thus has the greatest potential for reduction. 
This information is useful to estimat e the transformer load factor (see chapter 3).  
 

Region  
Electricity Consumption (TWh)  

2005  

EAST 52  

MID  506  

NORTH 79  

SOUTH 163  

TOTAL 800  

Table 2-18 : Household electricity consumption 2005 (Eurostat)  

The following table shows the electricity consumption in 2005 based on figures from 
JRC (JRC, Electricity consumption and efficiency trends in the enlarged European Union, 
status report 2006). Based on the estimations from JRC on the potential savings till 
201 537  compared to the BAU scenario, the electricity consumption in 2015 is calculated.  
 

                                           
37  The energy savings potentials are based on the electricity savings which will be 
delivered by the energy efficiency policies and programmes.  
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Electricity 

consumption 2005  
(TWh/year)  

Realistic electricity 
consumption 2015 

(TWh/year)  

Ambitious electricity 
consumption 2015 

(TWh/year)  
DESWH38  65  63  45  
Office equi pment  60  50  30  
Standby  44  24  14  
Residential lighting  95  79  51  
Main domestic appliances  165  121  105  
Commercial lighting  185  149  113  
Electric motor systems  707  647  50 1 
Total  (res. + motor)  1321  1132  886  

Table 2-19 : Electricity consumption 2005 and potential electricity consumption by 2015 
(BAU) (JRC , 2006)  

The REMODECE project (IEEA programme) reports the same amount of residential 
energy consumption for 2005, viz. 799 TWh. This report also estimates a p otential 
energy reduction of about 268 TWh per year. The estimations of the energy reduction 
potential of JRC indicate  the same order of magnitude as shown in the REMODECE 
project. This energy reduction could be achieved by using the best available technol ogy 
in the market.  

2.2.6.6  Impact of the share of RES EU - 27 on the transformer market  

The share of Renewable Energy Sources (RES, other than hydro) in total electricity 
production in 2005 for EU -25 was 139.5 TWh (Eurelectric statistics 2005). This is about 
5% of t he total electricity production in the EU -25.  About 34 GW (2005) of the RES 
capacity is wind energy ( ENTSOE, 2009).   
 
The generating capacity with RES as primary energy should continue to increase at a 
solid but decelerating 39  pace. The average annual gro wth rate for RES (other than 
hydro) capacity, as presented by ENTSOE40  (2009), would be of about +17% up to 
2010, then +10% up to 2015 and +5.5% up to 2020 (see Figure 2-11 ).  
 
The share of RES (other than hydro) in  the installed generating capacity in continental 
Europe would then reach about 180 GW in 2020, with ca. 136GW wind energy and 19 
GW solar energy.  
 

                                           
38  Domestic Electric Storage Water Heaters (DESWH)  
39  RES capacity growth rate from 2006 to 2007 was +20% and +21.5% from 2005 to 
2006 (source ENTSOE SAR 2007 Report)  
 
40  Union for the Co -ordination of Power of Electricity" (ENTSOE) is the association of power 
system operators in continental Europe, including: A ustria, Bosnia Herzegovina, Belgium, 
Bulgaria, Switzerland, Czech Republic, Germany, Denmark West, Spain, France, Greece, Croatia, 
Hungary, Italy, Luxembourg, Montenegro, Macedonia, Netherlands, Poland, Portugal, Romania, 
Serbia, Slovenia, Slovak Republic       
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Figure 2-11 : ENTSOE RES (other than hydro) generating capa city forecast under the 
scenario which takes into account potential future developments  

According to the ENTSOE (ENTSOE, 2009) RES capacity should remain mainly wind 
capacity for about 75% up to 2020 (see Figure 2-11 ). The average annual growth rate 
of wind capacity would be almost +13% up to 2013 with the greatest growth rates in 
Eastern Europe and 6% up to 2020. According to EWEA  (EWEA, 2009) 41 , only 0.5 GW 
was installed in 1990. In 2007, turbines of the MW -class ( above 1 MW) represented a 
market share of more than 95%. EWEA (EWEA, 2009) refers to a typical wind turbine 
of 2 MW.  
 
Solar capacity should count for 8.7% of the total RES capacity in 2015 and above 
10.5% in 2020. The average annual growth rate of solar ca pacity is foreseen to about 
20% up to 2013 and 12% up to 2020.  
 

                                           
41  EWEA (2009): WIND ENERGY -  THE FACTS EXECUTIVE SUMMARY  
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Figure 2-12 : RES (other than hydro) share in the national generating capacity in 2013, 
taking into account potential future developments ( ENTSOE, 2009)  

Figure 2-12  shows that, in 2013, the biggest shares of RES capacity (other than hydro) 
in total generating capacity are expected in Portugal (32%), Germany and Spain (28%) 
and finally Greece (21%).  
 
This parameter is used for the estimation of the number of DER transformers installed 
in 1990 and the prediction for 2020.  

2.2.6.7  Copper market data  

About 18500 kt/y of refined copper is produced worldwide, with about 13% in EU 
(http://www.evd.nl/zoeken/showbouwsteen. asp?bstnum=159122&location=).  
The EU uses about 5000 kt of copper each year. According to the available information, 
demand for copper mainly comes from the electrical and electronics industries, which 
absorb almost 60% of total EU usage. EU accounts thus  for about 27% of the world 
copper demand, China for more than 22%. About 3% of the copper products are  
related to the manufacturing of magnetic wires used in transformers (source: European 
Copper Institute). Copper demand is still increasing and accelerat ing worldwide.  
Recycled copper helps to meet the growing demand for copper. Of all the copper 
needed across the world, 34% comes from recycling. In Europe, this figure is even 
higher (41%) 
(http://resources.schoolscience.co.uk/CDA/16plus/sustainability/copper2.html ) . 
 
This information might be  useful to assess the availability of the materials that are used 
to design energy -efficient transformers , technical details ar e included in related 
sections chapter 5 . 
 
 

http://resources.schoolscience.co.uk/CDA/16plus/sustainability/copper2.html
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2.3.6  Trend toward more energy effi cient distribution transformers at 
DSO/TSOs  

An i mportant market trend is that DSO/TSOs pay more attention to energy and cost 
savings approaches, this is also explained in more detail in the user related chapter 3 in 
section 3.1.4 . 

2.3.7  Duration of the redesign cycle of a distribution transformer  

2.3.7.1  Timeframe to produce more efficient transformers using the same 
production lines  

The timeframe to produce new transformers on the same production line is variable and 
depends of the manufactu rer, the needs of the market and the specifications required 
by the purchaser. The time to make type test and special test is also important. 
However, the timeframe to achieve such modification is between 3 months and 1 year 
(T&D Europe, 04/06/2009).  
It is  necessary to note that new transformers with lower losses lead to bigger 
transformers with bigger components. The time necessary for the production of 
transformers increases and the capacity to produce the number of unit decreases. 
However during the last  years the transformers manufacturers have increased their 
production capacity. The replacement of the currently installed inefficient transformers  
probably will not be problem.  

2.3.7.2  Timeframe to produce more efficient transformers and change 
production lines  

I n this case, the time frame will be much longer. In the case of amorphous 
transformers, the time varies with the availability and lead time of the production 
equipment needed. The existing production equipment for coil manufacturing, coil/core 
assembly ins tallations, active part assembly and the tanking may need some 
adjustment. Some specific installations like material cutting and annealing need to be 
added.  
Lately improvements have been made in order to:  
- Meet the IEC standards, especially with regards to  short circuit behaviour .  
- Develop designs that allow power ratings up to 5000 kVA for 5 leg oil transformers 

and 3000 kVA for 3 leg dry transformers  
- The capacity of the manufacturers of amorphous steel was increased to supply a 

significant share of transf ormers to be installed.  The current capacity of 
amorphous metal is on the same order of magnitude as total distribution electrical 
steel demand in the EU.  

 
These improvements will allow the transformer manufacturers to produce amorphous 
transformers withi n the next year  in certain companies. For other companies it can take 
up to 3 to 5 years.  

2.3.8  Major manufacturers and market players  

The main industry players for this product group 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).  
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Figure 2-15 : Oil transformer prices in different technologies (SEEDT, June 2008)  

  

Figure 2-16 : Dry transformer prices in different technologies (SEEDT, June 2008)  

Furthermore, energy efficient transformers tend to incorporate more materials (e.g. kg 
of core steel and conductor), as shown in the figures above, making the impact of more 
expensive materials even more significant at higher efficiencies.  
 
T&D Europe presented the following example of evolution of price for oil - immersed 
transformers (meeting T&D Europe 04 July 2009):  

 class EoCk  100%  
 class CoCk  115%  







http://www.tdeurope.eu/en/raw-material/transformers-indices/current-month/
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2.4.5  Interest and inflation rate  

The services of the European Commission proposed to use a 4 % discount rate (interest 
minus inflation) . 

2.4.6  Smaller industrial end user t ransformer prices  

Smaller industrial end users might not procure transformers at the same price as 
DSO/TSOs or large industrial users. They might procure transformers trough a 
subcontractor as part of a turn key installation contract including: fuses, brea kers, 
cables, distribution boxes, transformer, installation, etc.. Therefore they will pay a 
higher price, typically 10 -30 %. For the impact please consult the transformer price 
sensitivity analysis in chapter 6.  
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The End -of -Life behaviour is also an impor tant issue taken into consideration in  the 
environmental impact assessment in Task 4. Therefore, it has been reported that about 
99% (in weight) of the transformers are recycled. This high recycling rate can be 
explained by the high residual value of the t ransformer scrap materials (e.g. steel, 
copper, aluminium, oil).  

3.1  User Information  and transformer procurement  

Objectives:  
 
The objective of section 3.1  is to investigate the influence of providing product 
inform ation to the end -users and on the influence it can have on the environmental 
performance of the equipment, and on eco -practices in sustainable product use; and 
whether it could be useful to consider labelling or provision of other eco - information 
(e.g. eco logical profile of the product). Barriers to the provision of such information and 
eco-design measures, due to social, cultural, and infrastructural factors will also be 
investigated.  

3.1.1  Definition of type of users  

These products are procured in a B2B market with technical and economic skilled end 
users.  
In general, there are two types of users of transformers within the scope of this study:  
1.  Utilities  that operate the electrical distribution or transmission grid, also called 
 Transmission System Operators (TSO) or Distribution System Operators ( DSO) 
 (see  also chapter 1).  
2.  Owners of large industrial plants  or large sites in the tertiary sector  (e.g. office 
 building, hospital,  shopping mall, ..) ;  
3.  Owners of small industrial transformers , in some cases  these transformers are  
 part of a  particular system or equipment.  

3.1.2  Method of providing product information  

These products are procured in a business to business market with technical and 
economic skilled end users. Lack of user information can often be ded ucted to a lack in 
standards. A missing standard is frequently caused by a disagreement amongst 
manufacturers on test methods.  

3.1.3  Influence and impact of product information  

3.1.3.1  Lack of user acceptance for long pay back periods  

Most end -users will assess their pu rchase and evaluate the available technology options 
and related energy (and cost) saving potentials for their specific situation. Loss 
evaluation is almost always undertaken, stating iron and copper loss values EUR/kW, 
calculated from period, interest and  cost of electricity. Purchase decisions for 
transformers are often made on life cycle cost and payback considerations. Efficient 
transformers are often more expensive (see task 2) and purchasers need to take into 
account longer payback period.  
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Industry will not be able to replace their transformers if the pay -back time is >20 years. 
This is only feasible for utility transformers because they calculate the pay back on a 
very long period.  
For smaller industrial transformers this might be even more the case , when 
transformers do not have significant annual operational hours.  
 
Industry might also benefit from information on the residual value of the transformer 
after the depreciation time period (e.g. 10, 15, 20 years) due to the copper and steel 
scrap materi al price. A solution might be to provide information on the value of scrap 
material in relation to the product price.  
 
DER investors  have often very short payback time targets. It might be so that in 
essence, only DSOs and TSOs demonstrate overall life cyc le optimisation targets when 
purchasing transformers . 

3.1.3.2  Lack of information on energy efficiency of existing transformers in 
service  

Furthermore, operators will often not substitute transformers before they fail. Although 
they may be aware of the losses, or maybe oversized older, less energy -efficient 
transformers, it is not foreseen realistic to change them. In many cases the losses of 
existing transformers are not exactly known, as they are not included on the 
transformer nameplate.  
In order to avoid this s ituation in the future it could be recommended to include the 
load and no - load losses on the name plate, alternatively the classes as defined in EN 
50464 -1 for oil filled transformers.  
 
Options are:  
A.  No information on transformer name plate;  
B.  Add the l oad and no - load losses on the name plate and specification sheet;  
C. Add a load and no - load losses class indicator on the name plate and specification 
 sheet (e.g. EN 50464 -1);  
D.  Add a separate energy efficiency label similar to household appliances.  
 
B is considered to be evident as routine tests are always made and figures are readily 
available at the time of delivery (comments stakeholder meeting, 06 July 2009).  
 
Manufacturers are in favour to indicate option C, if the classes of efficiency of 
transfo rmers are defined in a standard (T&D Europe, comment on stakeholder meeting 
06 July 2009).  
 
ERDF refer in its tender procedures to the standards (norm.edf.fr document HN 52 -S-
20), they also specify to that the EN 50464 -1 load classes should be on the name plate.   

3.1.3.3  Possible barrier by lack on information on dimensional an physical 
constraints  

More efficient transformers tend to be bigger in size and heavier in weight. This could 
be of concern for retrofit applications, mining applications, telephone pole cap acities, 
and other installations where transformers have to comply with dimensional or physical 
constraints. As approximately 80% of transformers sold are for replacement 
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Figure 3-1: Transformer efficiency for different classes of 400 kVA oil immersed 
transformers (D0Ck, B0CK, A0Ck  (top )  and 75 kVA oil immersed transformer(bottom)  

3.2.1.1.3  Impact of load profile on transformer energy losses  

The energy used by distribution transfor mers is characterised by two types of losses 
(see chapter 1). The first type are no - load losses (Po), which arise primarily from the 
switching of the magnetic field in the transformer core material. No - load losses are 
roughly constant and exist whenever th e transformer is connected. The second type of 
losses are load losses (Pk), which are also known as resistance or I²R losses. Load 
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Figure 3-2: Synthetic load profile for the non - residential sector > 56 -100 kVA for the 
month January 2009, electricity load (per unit) versus day of the month (date: 

hour)( www.syn ergrid.com )  

-  In German electricity organisation, VDEW 62 , determined synthetic load profiles 
for households, industry and agriculture. An example of the SLP for the industry 
is given in Figure 3-3. This also shows th at the maximum power compated to 
the minimum power is a factor 4, leaving no option to operate a transformer at 
a load factor (Pavg/S) of about 0.5.  

                                           
62  VDEW is now being replaced by BDEW (www.bdew.de)  

http://www.synergrid.com/
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Figure 3-3: Synthetic load profile for the industry for o ne specific day (Kalab 63), 
consumption (per unit) versus time of the day (h)  

  

Figure 3-4: Synthetic load profile(per unit) for households for one specific day (Kalab 64), 
consumption versus time of the day  

                                           
63  Kalab Otto, Standardisierte Lastprofiele  
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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]  

201.35  152.91  47 .72  379.24  2.71  11.66  4.73  

of wh ich 
electricity  

[TWh]  
17.95  13.80  4.36  33.77  0.24  1.01  0.38  

Waste, 
hazardous/ 
incinerated  

[kton]  

41.90  24.67  2.38  89.94  0.53  0.65  0.09  

Emissions to air  

Greenhouse 
Gases in 
GWP100  

[Mt CO 2 eq.]  

8.83  6.70  2.10  16.61  0.12  0.52  0.21  

Volatile Organic 
Compoun ds 

(VOC)  
[kt]  

0.14  0.09  0.02  0.28  0.00  0.01  0.00  

Heavy Metals  
[ton Ni eq.]  

5.79  4.07  0.95  11.50  0.08  0.25  0.26  

Particulate 
Matter (PM, 

dust)  
[kt]  

6.09  3.55  0.63  11.88  0.07  0.24  0.39  

Emissions to water  

Eutrophication  
[kt PO 4]  

0.05  0.03  0.01  0.08  0.00  0. 00  0.00  

 

Table 4-1: Environmental Impact per Base Case type of transformer  

In general, the share of electricity in the Life Cycle Cost Analysis is significant ( Table 
4-2): from 53 % for power  transformer s up to 8 8% for DER oil - immersed  transformers. 
Only 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, electricity represents 59 % of the global amount of 
money, estimated at 5 798  million Euros. Half of this annual expenditure is due to 
power transformers, which are much more expensive than the other types of 
transfor mers.  
 
 
 





http://library.abb.com/global/scot/scot292.nsf/veritydisplay/4dab3195c6221de4c1256d630041447f/$File/EPDdtr2.pdf
http://library.abb.com/global/scot/scot292.nsf/veritydisplay/4dab3195c6221de4c1256d630041447f/$File/EPDdtr2.pdf
http://www.ecotransformer.org/
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 Inputs 93  Outputs  

Typical 
transformer  

Load 
losses 

[W]  

No - load 
losses at 75°C  

[W]  

Annual losses (according 
to Formula 3.2)  

[kWh]  

MV/LV distribution 
oil  750  4 600  7 859  

Industry oil  1 700  10 500  27 168  

Industry dry  2 800  13 100  39 844  

Power  40 500  326  000  519  272  

DER oil - immerse d 3 100  21 000  59 093  

DER dry - type  4 000  18 000  62 415  

Separation/isolation  110  750  505  

Table 4-9: Annual electricity losses of the seven base -cases  

4.1.4.2  Product or investment  cost  

As explained in chapter 2, transformer prices are related to commodity prices, 
functionality and typical market circumstances such as demand and competition. 
Therefore, transformer prices fluctuate accordingly over time. It is not the purpose to 
star t a bidding platform for transformers prices that could influence the current and 
future transformer market, but rather to allow a fair comparison of the relative impact 
related to improvement options. Therefore, it is proposed to apply an agreed reference  
price per transformer base -case.  
 
A first attempt had been made to estimate the prices from the transformers design 
(mainly core and coil composition) but this approach did not appear relevant as many 
stakeholders complained about overestimated prices du ring the second stakeholder 
meeting. The  simplified cost estimation was based on the fact that the cost of the 
active part represents around 35% of the purchase price of a transformer 94  (20% for 
power transformer) . The prices of the active parts materials shown  in Table 4-10  
(already presented in Chapter 2 ) were used.  
 
 

                                           
93  The inputs concerning the loading profiles are presented in Table 4-8. 
94  Materials  cost represents 60 % of the purchase price and core & windings represent 59% of 
the material cost . Source:  Distribution Transformer Standards Rulemaking; U.S. Department of 
Energy August 2002 . 
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4.2.1  General inputs and assumptions  

Some inputs in the EcoReport were the same fo r all seven base -cases. These are 
presented in Table 4-11 . 
 
 

EcoReport Section  EcoReport Input  Value  

Production phase  Sheetmetal Scrap  5%  

Distribution phase  
Is it an ICT or Consumer Electronics 
product <15 kg?  NO 

Is it an inst alled appliance (e.g. boiler)?  YES 

Use phase  

Heat - related  Not applicable for 
transformers  

Consumables (excl, spare parts)  None  

No. of km over Product -Life  500 km  

Disposal and recycling  

Substances released during product life 
and landfill (refrigerant , mercury...)  None  

Re-use, Recycling Benefit (only for plastics 
material and oil)  

0% re -use and closed 
loop recycling,  

0% materials recycling,  
100% thermal recycling  

Electronics: PWB Easy to Disassemble?  YES 

Inputs for EU -Totals & 
economic Life Cycle  Costs  

Fuel rate  Not applicable for 
transformers  

Electricity rate  

0.078  Euro/kWh (for BC 
1 to 4, & 7)  

0.3 Euro/ kWh (for BC 5 
& 6)  

Consumables  Not applicable for 
transformers  

Discount rate  4%  

Overall improvement ratio  1 (except for BC 1 & 2)  

Table 4-11 : General EcoReport inputs for the seven base -cases.  

 The sheetmetal scrap: according to GaBi 95 , the modelling of the manufacture of 
a transformer results in 5% of internal scrap for steel parts and 3% scrap  
production for aluminium. As steel represents the major part of a transformer in 
terms of weight with both magnetic and mechanical steel (around 60%), the 
sheetmetal scrap percentage input in EcoReport was assumed to be 5% for all 
base -cases.  
 
 

 The fract ion landfilled had been previously estimated to be 1%, as 99% of 
transformers is recycled/re -used (see chapter 3). However, specific disposal 
rates will be provided in the specific inputs section.  
 
 

 Consumables: the mineral oil of the transformer is normal ly not changed during 
the whole lifetime, except in case of specific issues (e.g. leakage) which is not 
taken into account in this study. The quantity of oil will be included in the BOM.  
 

 

                                           
95  More information available at : www.gabi -software.com   
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Nr Date

1

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 468700.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

5 Aluminum w ire 21440.0 4-Non-ferro 26-Al sheet/extrusion

6 Copper w ire 144720.0 4-Non-ferro 28-Cu winding wire

7 Copper sheet 48240.0 4-Non-ferro 30-Cu tube/sheet

8

9 TANK

10 Steel 266696.2 3-Ferro 22-St tube/profile

11

13 INSULATION

14 Paper 15996.6 7-Misc. 57-Office paper

16 Ceramic 6019.4 7-Misc. 55-Ceramics

17 Oil 265500.0 1-BlkPlastics  4-Mineral Oil

18 Cardboard 3654.0 7-Misc. 56-Cardboard

20

21 OTHERS

22 Plastics 2046.2 1-BlkPlastics  2-HDPE

23 Wood 4384.8 7-Misc. 58-Wood

24

25 COATINGS 5786.3 5-Coating 39-powder coating

Product name

BC1 - Distribution transformer

Author

BIO

 

Table 4-12 : EcoReport material input table for BC 1  

 Volume and weight of the packaged final product:  2.11 m 3 / 1 253 kg  
 

 Product life:        40 years  
 

 Energy use during use phase:     7. 9 MWh per year  
 

 Fraction not recovered (landfill):     1%  
This f raction is the percentage of ceramics (the only material being landfilled) in 
the global weight of the transformer.  
 

 Overall improvement ratio:      1.0039  
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4.2.3  Base - case 2 inputs: Industry oil transformer  

 Bill of Materials:  
 

Nr Date

2

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 882200.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

5 Aluminum w ire 64320.0 4-Non-ferro 26-Al sheet/extrusion

6 Copper w ire 364480.0 4-Non-ferro 28-Cu winding wire

8

9 TANK

10 Steel 601689.3 3-Ferro 22-St tube/profile

11

13 INSULATION

14 Paper 25862.6 7-Misc. 57-Office paper

16 Ceramic 5284.7 7-Misc. 55-Ceramics

17 Oil 493900.0 1-BlkPlastics  4-Mineral Oil

18 Cardboard 8923.7 7-Misc. 56-Cardboard

20

25 COATINGS 4457.0 5-Coating 39-powder coating

Product name

BC2 - Industry oil-immersed

Author

BIO

  

Table 4-13 : EcoReport material input table for BC 2  

 Volume of and weight of the packaged final product:  3.20 m 3 / 2 451 kg  
 

 Product life:        25 years  
 

 Energy use during use phase:     27. 2 MWh per year  
 

 Fraction not recovered (landfill) :     1%  
 

 Overall improvement ratio:      1.0001  
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4.2.4  Base - case 3 inputs: Industry dry transformer  

 Bill of Materials:  
 

Nr Date

3

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 1872957.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

5 Aluminum w ire 355448.0 4-Non-ferro 26-Al sheet/extrusion

6 Copper w ire 104826.0 4-Non-ferro 28-Cu winding wire

8

9 TANK

10 Steel 118792.5 3-Ferro 22-St tube/profile

12

13 INSULATION

15 Resin 145958.2 2-TecPlastics 14-Epoxy

16 Ceramic 60777.5 7-Misc. 55-Ceramics

18

19 COATINGS 1381.3 5-Coating 39-powder coating

20

21 OTHERS

22 Plastics 16115.3 1-BlkPlastics  2-HDPE

Product name

BC3 - Industry dry

Author

BIO

  

Table 4-14 : EcoReport material input table for BC 3  

 Volume of and weight of the package d final product:  2.936 m 3 / 2 676 kg  
 

 Product life (see chapter 2):      30 years  
 

 Energy use during use phase:     39.8 MWh per year  
 

 Fraction not recovered (landfill):     2.3%  
This fraction is the percentage of ceramics (the only material being landfille d) in 
the global weight of the transformer.  
 

 Overall improvement ratio:      1 
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4.2.5  Base - case 4 inputs: Power transformer  

 Bill of Materials:  
 

Nr Date

4

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 39486668.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

6 Copper w ire 17487837.8 4-Non-ferro 28-Cu winding wire

7 Copper sheet 1204750.2 4-Non-ferro 30-Cu tube/sheet

8

9 TANK

10 Steel 11306995.4 3-Ferro 22-St tube/profile

12

13 INSULATION

14 Paper 504535.3 7-Misc. 57-Office paper

16 Ceramic 472325.1 7-Misc. 55-Ceramics

17 Oil 26848483.2 1-BlkPlastics  4-Mineral Oil

18

19 Coatings 391718.7 5-Coating 39-powder coating

20

21 OTHERS

23 Wood 2672738.0 7-Misc. 58-Wood

Product name

BC 4 -  Power transformer

Author

BIO

  

Table 4-15 : EcoReport material input table for BC 4  

 Volume of and  weight of the packaged final product:  188.76  m 3 /100  376  kg  
 

 Product life:        30 years  
 

 Energy use during use phase:     519.3  MWh per year  
 

 Fraction not recovered (landfill):     1%  
 

 Overall improvement ratio:      1 
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4.2.6  Base - case 5 inputs: DER oil tr ansformer  

 Bill of Materials:  

Nr Date

5

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 1715467.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

5 Aluminum w ire 190435.4 4-Non-ferro 26-Al sheet/extrusion

6 Copper w ire 542740.9 4-Non-ferro 28-Cu winding wire

7 Copper sheet 219000.7 4-Non-ferro 30-Cu tube/sheet

8

9 TANK

10 Steel 1113008.9 3-Ferro 22-St tube/profile

11

13 INSULATION

14 Paper 10307.2 7-Misc. 57-Office paper

17 Oil 800304.2 1-BlkPlastics  4-Mineral Oil

18 Cardboard 10616.4 7-Misc. 56-Cardboard

19 Nomex 21687.1 2-TecPlastics 19-Aramid fibre

24

25 COATINGS 4321.0 5-Coating 39-powder coating

Product name

BC 5 - DER (oil-immersed)

Author

BIO

  

Table 4-16 : EcoReport material input table for BC 5  

 Volume of and weight of the packaged final product:  4.02 m 3 / 4 628 kg  
 

 Product life:        25 years  
 

 Energy use during use p hase:     59.1 MWh per year  
 

 Fraction not recovered (landfill):     1%  
 

 Overall improvement ratio:      1 
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4.2.7  Base - case 6 inputs: DER dry transformer  

 Bill of Materials:  
 

Nr Date

6

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 3568822.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

5 Aluminum w ire 841004.1 4-Non-ferro 26-Al sheet/extrusion

8

9 TANK

10 Steel 415646.4 3-Ferro 22-St tube/profile

11

13 INSULATION

15 Resin 112513.7 2-TecPlastics 14-Epoxy

16 Ceramic 221425.0 7-Misc. 55-Ceramics

20

21 OTHERS

22 Plastics 59900.0 1-BlkPlastics  2-HDPE

24

25 COATINGS 5556.0 5-Coating 39-powder coating

Product name

BC 6 - DER dry transformer

Author

BIO

  

Table 4-17 : EcoReport material inpu t table for BC 6  

 Volume of and weight of the packaged final product:  4.26 m 3 /  5 225 kg  
 

 Product life:        25 years  
 

 Energy use during use phase:     62 .4 MWh per year  
 

 Fraction not recovered (landfill):     4.2%  
This fraction is the percentage of ceram ics (the only material being landfilled) in 
the global weight of the transformer.  
 

 Overall improvement ratio:      1 
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4.2.8  Base - case 7 inputs: Separation/isolation transformer  

 Bill of Materials:  
 

 

Nr Date

7

P o s MATERIALS Extraction & Production Weight Category Material or Process
nr Description of component in g C lick &select select  C atego ry f irst  !

1 CORE

2 Core steel 50000.0 3-Ferro 21-St sheet galv.

3

4 WINDINGS

6 Copper w ire 35000.0 4-Non-ferro 28-Cu winding wire

Product name

BC 7 - Separation/isolation

Author

BIO

 
 

Table 4-18 :  EcoReport material input table for BC 7  

 Volume of and weight of the packaged final product:  0.04 m 3 /  85 kg  
 

 Product life:        10 years  
 

 Energy use during use phase:     505 kWh per year  
 

 Fraction not recovered (landfill):     1%  
 

 Overall improvement r atio:      1 
 

4.3  Base - case Environmental Impact Assessment  

The aim of this subtask is to assess the environmental impact of each base -case 
following the MEEuP (EcoReport Unit Indicators) for each life cycle stage:  

 Raw Materials Use and Manufacturing (Producti on phase);  
 Distribution phase;  
 Use phase;  
 End-of -Life.  

  
The base -case environmental impact assessment will lead to an identification of basic 
technological design parameters being of outstanding environmental relevancy 98 . These 
parameters will be listed as  they will serve as an important input to the identification of 
eco-design options.  
 
The assessment results are tracked back to the main contributing components, 
materials and features of the power and distribution transformers.  

                                           
98   As far as the MEEuP EcoReport allows the identification of such indicators .  
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 The use phase accounts for 97% of the energy consumption over the whole life 
cycle, more than 99.5% of the ele ctricity use and 96. 7% of the greenhouse 
gases emissions. These impacts are almost exclusively due to the electricity 
losses during the use phase, with maintenance and spare parts impacts being 
negligible.  

 
 The distribution phase is negligible for all impa cts except for Particulate Matter 

(PM) for which it accounts for around 1 3% of the emissions because of the 
transformer transportation.  
 

 Finally, the end -of - life accounts for 7 8% of the hazardous waste generated, 
42 % of PM emissions to the air, 22% of the eutrophication impacts and 7% of 
heavy metals emissions. For all other impacts, it has a negligible influence. The 
incineration of oil is the main reason for the high contributions to hazardous 
waste, PM and eutrophication, even if it also reduces slightly  the energy 
consumption over the whole life cycle because of the energy recovery process.  
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Figure 4-1: Distribution of environmental impacts of BC 1 per life cycle phase  
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emis sions. These impacts are almost exclusively due to the electricity losses 
during the use phase, the maintenance and spare parts impacts being negligible.  

 
 The distribution phase is negligible for all impacts except for Particulate Matter 

(PM) for which it accounts for around 10% of the emissions because of the 
transformer transportation.  
 

 Finally, the end -of - life accounts for 75% of the hazardous waste generated, 
42 % of PM emissions to the air, 23% of the eutrophication impacts and 6% of 
heavy metals emissi ons. For all other impacts, it has a negligible influence. The 
incineration of oil is the main reason for the contributions to hazardous waste, 
PM and HM, even if it also reduces slightly the energy consumption over the 
whole life cycle because of the ener gy recovery process.  
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Figure 4-2: Distribution of environmental impacts of BC 2 per life cycle phase  
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 As expected, the use phase is the main contributor with over 97% of all the 
following impacts: total energy (98%) and electricity consumption (99.7%), 
water for processing, greenhouse gases emissions and ac idification. The smallest 
contributions occur for eutrophication (20%) and PAHs (42%). The electricity 
losses are the only reason for these impacts as the contribution of maintenance, 
spare parts or kilometres over product life are negligible in comparison . 

 
 The distribution is negligible for all impacts except for Particulate Matter (PM) for 

which it accounts for around 8% of the emissions because of the transformer 
transportation.  
 

 The end -of - life is only significant for the hazardous and incinerated was te impact 
(36%) because of the incineration of epoxy resign and other plastics materials 
during the end -of - life management. Both incineration and disposal of waste are 
responsible for the contribution of this phase to PM (16%) and eutrophication 
impacts (4 %).  

 

Figure 4-3: Distribution of environmental impacts of BC 3 per life cycle phase  

 




























































































































































































































































































































































































































































































