
Stakeholder comments 

ErP Study: Lot 2 Distribution and Power Transformers 
 

Stakeholder Section Page Comment VITO and partners Reply 

General (received after interim meeting comment deadline) 

TB TCS  
General 
Comments  

  Directive2005/32/EC on Eco-design - “energy using 
products directive”. Do distribution or power 
transformers “use” energy? It could be argued that this 
directive is specifically aimed at end products which 
utilities would consider to be the “end-load”. 
Transformers do not use energy, but consume energy 
in operating to pass load. If it is subsequently 
determined that transformers use energy and therefore 
the study is valid, then the study should also be 
extended to cables and cable systems where the 
highest losses in the power system tends to occur, and 
the highest usage of materials such as copper occurs. 
Transformers are often the easy target because they 
are discrete products.  

 

There is no doubt that transformers fall firmly 
within the context and legal framework of the 
Ecodesign Directive. Other products, such as 
cables, could be investigated in the future. The EC 
welcomes suggestions and energy savings 
potentials of product groups to be studied. 

    The study covers distribution transformers and by 
asking around it would appear that this market is 
indeed above the 200,000 per annum threshold.  

 

The study focuses on transformers as a product 
category in general, thus the 200 000 unit criteria 
is satisfied. 

    The study includes power transformers, but there is not 
the required annual requirement in excess of 200,000 
per annum across Europe bracket to justify this.  

 

The study focuses on transformers as a product 
category in general, thus the 200 000 unit criteria 
is satisfied. 

    Distribution transformers are often based on standard 
designs and include volume manufacture, but larger 
power transformers are generally bespoke designs and 
recent experience shows that the number of repeat 
manufactures tends to be very small. This significant 

This was already argued in the beginning of the study but not 
accepted by the EC by grouping several types of transformers 
and unit can be interpreted as „KVA‟, the directive does not 
specify that it is one product. (see section 2.1.4) 
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difference justifies the removal of large power 
transformers from this study. 

 Distribution transformers are often based on standard 
designs and include volume manufacture, but larger 
power transformers are generally bespoke designs and 
recent experience shows that the number of repeat 
manufactures tends to be very small. This significant 
difference justifies the removal of large power 
transformers from this study. 

 
    Document refers to TSO – transmission system 

operators, so this implies that this covers all 
transformers from smallest distribution up to highest 
voltage and top ratings.  

o Technology and manufacturing techniques 
although appearing to be similar are actually 
quite different for large power than for 
distribution.  

o  Improvements in large power transformers are 
driven by cost reductions and the global 
market.  

o  Large power transformers i.e. those installed 
by TSO‟s (including those at the upper end of 
DSO‟s requirements) should not be included 
in this document as the volume cannot exceed 
200,000 units. Large manufacturers such as 
Smit produce 80 units per annum, if you then 
assume an average of 100 units per annum 
per manufacturer, then large power needs 
2000 manufacturing factories to achieve the 
critical numbers. In fact there are probably no 
more than 100 factories operating globally.  

  

See previous comment (also section 2.1.4) 

    Document suggests that power transformers last longer 
than distribution transformers, but experience suggests 
the opposite is true. 

This comment has also been made during the 
stakeholder meeting. If available, we would be 
glad to receive more precise figures for the lifetime 
of the different types of transformers. A 
differentiation between economic and technical 
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lifetime may be noted. 
    Distribution units fall into two categories, oil filled and 

dry type. Dry type is almost solely supplied to the 
industrial market. The majority of oil filled units are 
supplied to the utility market. Utility markets are driven 
by regulatory systems which given how much the utility 
can spend on transformers and how loss reduction can 
be rewarded. This is not the case for industrial units 

This is in line with the study. Both transformers are analysed. 

    The document discounts single phase transformers as 
not generally used in Europe. This is true on the 
continent but not in the UK and Ireland. My experience 
would suggest that the UK and Ireland have a 
requirement for about 10,000 to 15,000 single phase 
distribution transformers per annum.  

  

Thanks for pointing out this. This is added to chapter 1 section 
1.5.5 

    The whole document is based on core type 
transformers and does not recognise shell type 
designs. Shell type transformers are manufactured in 
Europe and are in use in many European countries.  

 

This issue is treated in chapter 5 in the section dedicated to 
core form (5.1.3.3) when dealing with this level of technical 
details. 

 

TB TCS 
 
  

  

 The document states that SF6 gas is rarely used. This 
is not the case as Japan and Korea manufacture 
significant amounts – additionally one major UK utility 
is in the process of installing 275kV, 150 MVA units 
with associated 33/11 kV at 33.8 MVA units. SF6 
installations will continue to grow and therefore this 
needs to be considered in this study but only if the 
study includes large power units.  

 

 

Added (p. 37) .. seldom used in Europe. The study 
focus on major applications and cannot into 
account a single event. 
Could you inform about the rationale for installing 
this transformer as SF6 is a high GWP? 

 
EURELECTRIC  

 
General 
Comments 

  
Background; 
 
Utilities have a commitment to Sustainability and seek to 
optimise the operation of their networks so as to achieve an 
economic minimisation of losses on the overall system. 
 

This is in line with section 3.2.1 but might been 
less clear. 
Therefore we suggest to add this in the title > 
3.2.1 Procurement of transformers based on 
Total Cost of Ownership taking transformer losses 
into account by utilities 
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Network utilities in Europe are regulated so the societal 
costs of network operation are taken into account in the 
regulatory framework in which decisions are made, 
principally by the Regulator setting an overall cost of capital 
(WACC)  so that sub-optimisation does not occur, and 
requiring that the utility conduct sophisticated cost-benefit 
analyses of any proposed investments. These investment 
appraisals may then be reviewed by the Regulator to 
ensure that the expenditure has been wisely incurred. 
 
ESB Networks in particular have been using Total Cost of 
Ownership and  incorporating losses into all investment 
appraisals and equipment purchase decisions for well over 
30 years and have very sophisticated approaches in these 
areas, as do most other large utilities. 
 
In ESB Networks particular case this has resulted in high 
capitalisation rates for transformer losses and consequently 
low actual kWh losses, but all justified on an economic 
basis as providing the best return to the customer. 
 
Utility Approach to losses: 
 
Utilities seek to minimise the cost of losses over the full 
network, and to avoid any level of excessive expenditure in 
one area which would result in sub-optimal returns – in 
short, utilities will invest in reducing transformer losses up 
to the point where the next increment of investment in (say) 
Cables, would produce a better reduction in the cost of 
losses. 
 
It is important to note that there is no such thing as a 
„particular‟ reasonable level of losses for all utilities – the 
optimum level will depend on existing network structure 
and the future opportunities to achieve reduced losses in 
an economic manner.  
 
An example of this would be where countries with dense 
urban networks using short cables will be seen to have 

The text will add. The cost parameters A and B 
take full network losses into account including 
cable losses. Moreover those cost parameters for 
load and no-load cost can also take into account 
that peak load electricity is more expensive. 
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much less losses than countries with mainly long Overhead 
networks and less urbanisation e.g. Germany with 5% 
losses and Ireland with 8%. 
 
Both Germany and Ireland could have the same approach 
to reducing losses but the opportunities in Ireland to use 
dense cable networks will be less than in Germany and it 
would be uneconomic to try and reduce the losses on Irish 
Overhead Networks so that the German Loss level of 5% is 
achieved. 
 
Typically a utility will therefore use the WACC in investment 
appraisal to ensure that all investments at least achieve the 
WACC and that discretionary investments are done in the 
order that provides the greatest return above the WACC. 
This ensures that all necessary objectives are achieved in 
the most economic manner, and possibly that a surplus is 
available for investment in the next area with the best 
return. Obviously all investment appraisals are done on a 
Total Cost of Ownership basis. 
 
So for Transformers and other plant the utility estimates the 
cost of capitalised Load and No Load losses and adds the 
capitalized losses of the transformers to their Tendered 
Price in order to rank the Transformers offered in terms of 
TCO. 
 
Usually the winner is the Tenderer who can minimise 
losses as the cost of such minimisation at the margin is 
intellectual skill, but Transformers with low cost and higher 
losses could also win. The fact that these transformers will 
have higher losses is not an issue because the goal of the 
utility is to minimise losses on the system overall. Savings 
made in such areas simply allow extra expenditure in 
others – e.g. investment in reduced circuit loading may 
have a greater benefit than investment in reduced 
transformer losses. 
 
The main point here is that the adoption by a utility of 
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any legislated value Load/No Load loss levels will 
inherently be sub-optimal as it will not take into 
account the particular circumstances in that utility. The 
resulting over expenditure on such transformers will in 
turn mean that investments in other areas which would 
have resulted in a much greater impact on losses will 
be reduced, so that overall a sub-optimal result is 
achieved. 
 
 
 
 

 
EURELECTRIC  

 
General 
Comments 

 Environmental issues: 
 
A number of important changes in the current environment 
now need to be incorporated in any assessment of 
transformer losses but have not appeared in the report: 
 

(a) Distributed Generation at LV: 
 

If widespread distributed generation occurs then the 
loading on Distribution Transformers will decrease. 
This means that the load losses on the Distribution 
transformers will be so low that any investment in their 
minimisation could end up stranded. More correctly, the 
Load Factor and Trafo Utilization factor should take the 
impact of DER into account in assessing capitalization 
rates. 

 
(b) Cost of Energy 

 
Iron losses are constant and are capitalized at the Long 
Run Marginal cost per kWh. However as renewable 
resources increase,  the LRMC will decrease, and 
again this needs to be taken into account e.g. Ireland 
has about 15% of electricity from Wind today and will 
have 40% by 2020. 

 
(c) DER Transformers 

With regard to environmental impact please  have 
to have a look at the MEEuP methdology, to which 
we are bound by contract with the European 
Commission. 
See related link on: 
http://www.ecotransformer.org/methodology_2.php 
 
 

http://www.ecotransformer.org/methodology_2.php
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Transformers for connecting renewable resources use 
the renewable resources themselves to provide the 
transformer losses. The marginal cost to the 
Renewable resource provider of providing these losses 
could be very low (e.g. no contract for kWh to be 
bought at a particular time) so that the DER producer 
may wish to buy the cheapest transformer possible, 
even with the highest costs, because the energy 
savings from a renewable generator are effectively 
zero in many circumstances. 

 
(d) Loss Capitalisation: 
 
The cost of capital for a utility relates to the low risk 
nature of the work carried out, so with little risk the 
WACC is also low, typically around 5%. 
 
To date this cost of Capital has also been used to 
capitalise transformer losses, and this has resulted in 
high capitalisation rates for Iron and Copper losses. 
 
However this is not necessarily a correct approach, as 
what is required is to assess the number of kWh used 
by the transformer and then cost this usage every hour 
for the lifetime of the transformer. As the cost per kWh 
is basically related to the price of oil, this is quite a risky 
calculation. Effectively this exercise is a futures contact 
in energy, normally considered a high risk exercise. 
 
The conclusion from this is that: 
 
(1) The normal utility WACC is too low and a higher 

rate would be more appropriate 
- possibly something closer to the Best New 

Entrant Generator cost of capital 
 

(2)  A more sophisticated discounting calculation – 
possibly using Real Options as would be used in 
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the oil industry would be more appropriate. 
 

(e) CO2 Emissions from embedded materials: 
 

The report attempts to assess the amount of 
embedded Co2 incurred in the production of the 
materials from which the transformer is made. For most 
CO2 Assessments what is actually measured and 
accounted for is the CO2 emissions in use, not what 
was incurred in the production value chain. 
 
If it is proposed that the embedded CO2emissions 
incurred in production are to be eaningfully included 
then the CO2 involved at allstages of production, from 
minimng to refining and assembly, in every country 
involved taking into account the transfport method used 
and the source of fuel used e.g. if hydro /nuclear used 
in refining then no CO2, whereas if Coal used then a lot 
of Co2. 
 
Such exercises are extremely complicated and 
generally impractical. A review of the environmental 
assessment methodology used should be considered. 
 

Procurement: 
 
An approach to Procurement which allows flexibility in the 
trial of new technologies whilst having regard to EU 
Tendering procedures should be considered. 
 
One such approach would be to tender for two options, one 
which had new technology e.g. Amorphous Core, and the 
other which used traditional technology Silicon Steel. 
 
This would provide relative prices and capitalised losses for 
both technologies so that the marginal cost of the reduced 
losses on Amorphous Core could be seen in relation to that 
using Silicon Steel. This would allow the Tender award to 
be split to the extent that the utility wished to encourage 
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one technology to compete with the other for the future, 
even though strict application of capitalised losses should 
result in only one technology winning. 
 
The use of separate options means that all EU 
Procurement rules were adhered to (- within each separate 
option considered). 
 
Approach within Report: 
 
The report is very comprehensive but is difficult to follow as 
it covers many different market segments together. So 
references to transformer efficiency are very relevant to 
appliances operating at fixed load but nearly irrelevant to 
utilities where the trafo loading varies widely over it‟s 
lifetime. 
 
It would be better for the user to separate the trafo markets 
segments as the losses produced and the scope for their 
economic reduction would be more apparent. Different 
approaches will be required for each segment – as 
explained above the usage of minimum transformer 
efficiencies in the utility sector would be both dysfunctional 
and unsustainable 

 
EURELECTRIC  

 
General 
Comments 

  
Similarly the section dealing wit the numbers of 
transformers is very confused – a reference to over 5m 
transformers of <16kVA suggests that this includes trafos in 
small household appliances. A better approach for the 
utility sector would be to simply write to the utilities and ask 
for details if their installed transformer capacity, Much of 
this information is already on the internet. Details of ESB 
Trafo installations is attached below: 

esb_networks_summ
ary_statistics.pdf

 
 

 
We will launch a new enquiry that could be useful 
for the sensitivity and impact analysis 



Stakeholder comments 

 
EURELECTRIC  

 
summary 

 
VII  

-average lifetime MV/LV distribution t/f stated as 35 years – 
probably more like make 50 to 60 for Distribution Trafos, 
45-50 for Power Trafos. 

 

We suggest to extend the range of life time in the 
related section in chapter 3 (useful for sensitivity 
analysis) and modified the power transformer life 
time to 30 years. 

 
EURELECTRIC  

 
summary 

 
VII  

 
 
Same table - very questionable to state that distribution t/f 
has load factor of 0.19  and that power t/f LF is 0.2.  The 
definition of load factor ( page 46) is not same as utility 
would use - (sum kwhr in year / peak kw x 8760 hrs)  This 
one seems to refer to running at maximum capacity. On 
some work we did for DPCR on distribution t/fs we looked 
at 85% nameplate as peak load and then 0.45 LF on that. 
so in their definition that is about 0.4 LF  Also see repeat on  
table 3.1 page 130 
 
In Ireland a Load Factor, Trafo Utilization Factor, A Factor 
and Loss Load factor would be used to compute the kWh 
used, with each of these factors varying with the size of the 
transformer used. Growth in load would also be assumed 
over the period and a capitalization factor used to provide 
an NPV and a Capitalization arte. 
 
e.g. For a 400kVA Trafo, 60% Utilization, Load Factor 0.53, 
A Factor 0.85 then the 

Loss Load Factor would be (0.85*0.53)*0.63 +(1-
0.85)*0-.53 = 0.313 
Usage in first year = 1kW * 8760*0.313 = 
2,742kWh 
Cost at 0.542c/kWh = €148.7 
Apply Growth Factor = 1.321 * €148.7= €196.3 
Apply Cap Factor (25 years) = 11.65 * €196.3 = 
€2,288 
Apply Trafo Util. Factor = 0.6* € 2,288 = €824 /kW 
of load is Capitalization rate. 

 
For Power Trafos the actual load profiles of the existing 
trafos in that particular location would be used with 

 
These data is fitted to the stock of transformers 
and energy use. We will contact to verify with 
more utilities and extend the table with minimum 
and maximum values in the related section in 
chapter 3. 
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changes in load from Network Plans taken into account for 
the future. 

 

Task 1 

 

Dansh Energy 
Agency/AFHH/EJ 

EXECUTIVE 
SUMMARY 

IV “For smaller industrial transformers however a gap has 
been identified”: Such transformers could have certain 
design parameters such as high impedance/low saturation 
voltage possibly compromising the relevance of a strict loss 
efficiency focus. Hence, these transformers should perhaps 
be seen as components of systems, energy efficiency 
assessment then to be undertaken at the system level. 

This is indeed important to keep in mind and a 
dedicated section will be introduced in chapter 
3, a detailed analysis at system level is outside 
the scope of this study (moreover few data is 
available). 

PCPM / ECI  VI & 25 Replace “phase” with “phase shifter” To be considered in the final update 

PCPM / ECI  IX “It has been found that 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” 

This (both silicon steel and copper) is nothing extraordinary 

Reworded to óexplainsô 

 

Dansh Energy 
Agency/AFHH/EJ 

 IX “The use of superconducting technology;” This is felt to be 
speculative. High-temperature superconductivity has been 
subject to research and demonstration projects since the 
mid eighties without any sign of significant breakthrough in 
any sector. 

Detail related to the section 

 

Dansh Energy 
Agency/AFHH/EJ 

 IX “The use of smart grid technology”: Yes, perhaps a few 
more words. What is done these days is mainly either 
permanent paralleling or single unit in, based in an overall 
loss efficiency rationale. Active switching, based in load 
measurement, rarely happens and is a good, obvious and 

Ok but included in the related section in 
chapter 5 
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easily implemented idea. 

Perhaps worth mentioning?: Smart Grid Technology is a 
very general and relevant topic, probably best addressed at 
an overall grid optimisation level, incorporating lines, 
SCADA and switchgear automation, moving focus from 
security of supply to loss efficiency, rather than in a context 
of transformer focus only. DSOs and TSOs face these days 
rigid availability focused standards/benchmarking, 
potentially leading to excessive use of no-load loss 
consumption in idling transformer/generator plant and 
inefficient operational network conditions. I.e. the view is: 
The topic is relevant in an ecodesign but perhaps not in a 
transformer context. 

DKI / ECI 1.3 32 Another interpretation says that the findings of the 1998 
study may as well have “social causes”, since more 
educated and hence wealthier people will prefer different 
residential areas to live in than underneath HV lines (be it 
for health or just aesthetic reasons), while “lower class 
people” often do not have the choice and are at the same 
time those who take less care of their health (overweight, 
alcohol, tobacco) and have the professions with greater 
health impacts. 

Noted but considered less relevant for the final 
objective of this study. 

PCPM / ECI Table 1-4 44 Power transformer losses appear exaggerated (again, what 
is a “power transformer”?). They are also largely oversized. 
At least some of them are (not so few) 

100 MVA was an average mixing with step up 
transformers at the power stations (most 
subsations have probably 30-60 MVA 

DKI / ECI 1.7.2.1 61 Here (“The EN 61558-x series deals with safety aspects of 
power transformers”) the term “power transformer” is used 
adequately in the sense of www.electropedia.org, as 
opposed to voltage transformers and current transformers 
(for measurement purposes), while the usual reference 
throughout the document to “power transformers” as 
“transformers bigger than distribution transformers” is no 

Noted ï suggested update to add at page 41 on 
scop: .. in the distribution context power 
transformer should be understood as power 
transformer to transform at EU27 grid 
frequency and voltage levels at least above 
power levels 

http://www.electropedia.org/
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standardized terminology 

DKI / ECI 1.7.2.1 62 At low frequency we have two separate fields, a magnetic 
and an electric field. There is no “electromagnetic field of 
the transformer”. 

We could not track this statement in the 
referred section. 

 

Dansh Energy 
Agency/AFHH/EJ 

1.9 75 “Some MEPS are in efficiency at 50 % load factor, in task 3 
it will be shown that it is representative for industry 
transformers but not for the distribution transformers (20 % 
load factor).” –If 20% is valid, there is a strong reason to 
instigate a study on DSO user behaviour as this is a sign of 
overrating and excess no load losses. 

However the form factor KF also contributes 
(making the difference smaller) Kf² = 1.08² 
=1.16 times! 

 

Federal 
Environment 
Agency, Germany 
(UBA) 

1 general It should be carefully looked at the definition of „power 
transformers“, which is, e.g., in EN 61558-x series not just 
a transformer bigger than a distribution transformer (the 
usual, but not standardised terminology throughout the 
preparatory study), but a term to characterise transformers 
opposed to voltage transformers and current transformers. 
Therefore, a revised definition of „power transformer” will 
be needed. 

Noted 

A more detailed update was done at page 41 
on the scope. 

UBA 1.2  The description of the basic concept of a transformer and 
its components should still be extended, since this is an 
important basis for understanding improvement options, 
even if additional information can be found in Chapter 
4.1.2. 

It was not the purpose of this section to enter 
in a technical analysis and this task is finalized 
since long, more technical details are in 
chapter 5.  

UBA 1.5.7. 42-45 Safety transformers, speciality transformers and magnetic 
halogen transformers have been excluded compared to the 
former Task 1-3 drafts. In addition, page 42 says that 
„LV/LV distribution autotransformers or line voltage 
restorers“ should be excluded from the scope because of 
low number and outdated use, but Table 1-3 includes line 
voltage restorers („Y“ for study scope). For control 
transformers, Tables 1-3, 1-4 and 1-5 give “Y/N” regarding 

The transformers used in T&D are clearly 
defined in standards and primary LV with 
secondary LV is also a clear technical 
parameter, hence this risk of loopholes is 
perceived very low. Text and table will be made 
more clear. 
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the question if they are within the scope or not. 

In general, the scope of a preparatory study and the 
following implementing measure should be defined as 
far as possible on technical parameters, like range of 
rated power, and on the basis of existing standards. To 
set exemptions should be avoided. This can be 
realised e.g. if for special functions, which cause that 
the products can not comply with energy efficiency 
requirements set for other subcategories of the 
product group, additional allowances are given. A low 
number of a product on the market cannot be a reason 
to exempt it, because this would create an unfair 
treatment of products. Furthermore the market 
development cannot be predicted for sure. If 
exemptions are absolutely necessary they need to be 
defined by referring to the technical specification, 
which is the reason for this exemption.  

We especially see no reason to exempt subcategories 
of the smaller transformers. 

UBA 1.6  Using „transformer rated power” as functional unit seems to 
be appropriate. For the calculation of no load losses, stray 
losses and extra losses should not be underestimated. 

Noted 

UBA 1.7  IEC 354 and IEC 904 seem to be missing. IEC 354 is outdated (= EN 60076 part 7) IEC 904 
is related to solar and not to transformers? 

UBA 1.8.2 64 „SEEDT“ is not an agreement at European Community 
level and not just a software and selection guide base, but 
a project which has developed proposals for adequate 
policy packages including MEPS and labelling for liquid-
filled distribution transformers (Irrek, W.; et al. (2008): 
Policies and measures fostering energy-efficient 
distribution transformers, Report (final version of 
deliverable no. 6) from the EU-IEE project „Strategies for 

Agreed and removed 
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development and diffusion of energy-efficient distribution 
transformers (SEEDT)“, Wuppertal et al.) 

UBA 1.9 76 The conclusions make clear that there is no formal 
standard to measure the load and non-load losses of 
smaller industrial transformers. The contractors 
recommend closing this gap as soon as possible. We 
strongly support this recommendation. The contractors 
should communicate this need to the Commission 
separately to the preparatory study. 

Is ongoing. 

Hitachi 
Metals/Metglas 

general several Clearly separate Hitachi Ltd and Hitachi 
Metals/Metglas® 

Adapted 

Hitachi 
Metals/Metglas 

 67 

“As mentioned before the US standards has little relevance 
in this study.”  
Not true- 
material prices are comparable, energy costs are becoming 
comparable and IEEE and IEC standards are not that 
different.  Efficiencies at 60 Hz converted to 50 Hz are not 
that different for any reasonable assumptions.  

Agreed therefore changed to ómaterial prices are 
comparable, energy costs are becoming 
comparable and IEEE and IEC standards are not 
that different‟ 
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Stakeholder Section Page Comment VITO and partners Reply 

Task 2 

DKI / ECI   UCTE no longer exists. Now see www.entsoe.eu. replaced 

PCPM / ECI Table 2-8 102 If the installed capacity of power transformers in EU is 2000 GW in 
EHV and HV + 1000GW in power plants, then 230 GW (8%) cannot 
be the market 

Table is about sales not stock 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

2.2.6.7 114 General Remark: We propose to use the commonly used 
product wordings and abbreviations: GO, CGO and HGO 

GO= Grain Oriented Electrical Steel  

[Note: Silicon steel is not exact, since it covers also Non-Grain 
Oriented Electrical Steels, which are different products for other 
applications than transformers. The name GO is also clearer 
than CRGO (=Cold Rolled GO) or GOES (=GO Electrical Steel), 
which mean the same.].   

CGO= Conventional Grain Oriented Electrical Steel  

HGO= High permeability Grain Oriented Electrical Steel (High 
permeability steel + domain refined high permeability steel). 
Note: The expression HIB is a product name of one Japanese 
GO producer. Better use HGO 

Facts regarding the GO Market 

During 2004-2008, global GO market grew strongly from 1500 
kt/y to 2200 kt/y, due to a strong demand especially from 
emerging markets like China and India. The capacities of the 
global producers were fully used. In 2009, when demand 

Adapted 

http://www.entsoe.eu/
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slumped due to the economic and financial crisis, GO capacities 
were further increased mainly in China to worldwide 2500 kt/y. 
In the EU, the GO market was at 360 kt/y in 2008, with capacities 
of the 4 EU-suppliers of 420 kt/y.  

With regard to High permeability Grain Oriented Electrical Steel 
(HGO), there are 8 suppliers worldwide, thereof two producers 
in the EU. The global HGO supply in 2009 was at nearly  700 kt/y, 
thereof 130 kt/y in the EU . 

Global GO demand is expected to grow to roughly 2700 kt/y in 
2015; GO capacities will be further expanded to over 3000 kt/y 
worldwide, thereof 1000 kt/y for HGO. In the EU demand and 
supply are expected to grow moderately, with a stronger focus 
on HGO.   

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

2.3.7 117 For GO electrical steel there are 4 suppliers in the EU 
(ThyssenKrupp Electrical Steel, Orb Electrical Steels, 
ArcelorMittal Frydek Mistek, Stalprodukt) and 8 producers 
outside the EU (NLMK/Russia, Nippon Steel/JP, JFE/JP, AK 
Steel/USA, ATI/USA, Baosteel/CHN, Wisco/CHN, Anshan/CHN, 
Posco/S. Korea), ArcelorMittal Inox/Brazil)  

Adapted 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

2.3.8 119 Remark: The 5% market share for AMDT refers to the market of 
distribution transformers 

Remark: The market share of amorphous metals on the global 
market of core materials (=GO + amorphous metals) is at 2,5%   

Remark to China: There are differences between manufacturers 
of amorphous materials, amorphous cores and AMDT. 
Concerning manufacturers of amorphous materials, we donôt 
know other producers besides Advanced Technology & 
Materials Co. Maybe the other companies (who?) produce 
amorphous materials for other applications. 

Added 

 

Added 

 

See updates provided by other 
stakeholoders 
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DKI / ECI  122ff The subscript k for short-circuit may be misleading and not 
widely understood because it relates to German ñKurzschlussò 
or Dutch ñkort-sluitingò, respectively. The international standard 
is probably sc for ñshort-circuitò. 

Hard to change and  ókôis used in EN 
50464 

PCPM / ECI 2.4.1 123 Our observations have been different from W. Irrek, 
www.wupperinst.de, closer to T&D. For 250 kVA: 
EoCk= 100% 
DoCk= 110% 
CoCk= 122% 
BoCk = 135% 
AoAk=  160% 

Thanks. Added 

PCPM / ECI 2.4.1 125 Commodities were on the absolute top ever by then See below 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

2.4.2 125 Under the links below you find more updated GO price indices: 
From T&D Europe and ZVEI, the German Electrical and 
Electronic Manufacturers' Association 

You can see, that since end of 2009 GO prices are strongly 
decreasing. You should take the current development into 
account when comparing GO prices with amorphous metals.  

http://www.tdeurope.eu/en/raw-material/transformers-
indices/current-month/ 

http://www.zvei.org/index.php?id=488 

http://www.zvei.org/index.php?id=376 

It will be added that óIn the current 
economic context (2009-2010) prices 
are subjective to strong fluctuations 
(with those references). 

UBA 2  general The exact references for the data are not always given and should be 
completed. Data for distribution transformers seems to be available 
in more detail than data for other transformer types. In addition, data 
for line voltage restorers, separation/isolation transformers and 
control transformers seems to be missing. 

There is a section 2.2.1 explaining 
sources (they were not repeated to 
increase the readability of the report) 

http://www.tdeurope.eu/en/raw-material/transformers-indices/current-month/
http://www.tdeurope.eu/en/raw-material/transformers-indices/current-month/
http://www.zvei.org/index.php?id=488
http://www.zvei.org/index.php?id=376
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UBA 2 general Interaction transformer scenarios <-> electricity system scenarios: 

While the preparatory study contains data and information on the 
general development of the European electricity system 
(development of consumption, which in turn is partly dependent on 
the demographic and infrastructural development; development of 
electricity savings, which is partly dependent on the policies and 
measures in place; development of distributed generation) as well as 
on the expected development of sales until 2020, it neglects the 
interaction between both. This interaction should be explicitly 
modelled (cf., e.g., the transformer scenarios differentiated by two 
scenarios of the development of the electricity system, PRIMES 
TRENDS and PRIMES EE/RES, in Irrek et al. 2008, see above). 

We think that this would lead to beyond 
the scope discussions. 

UBA 2 general Sales, sales growth and prices of transformers and transformer input 
materials (transformer commodity prices) can change a lot from one 
year to another. It remains unclear to which extent the short-term 
analysis of market trends, expenditures and prices in Chapter 2 will 
be used for calculating the expected developments until 2020. 

In particular, the prices for input materials (copper, steel, aluminium) 
can change a lot depending on the general economic and market 
situation in the world, regional and world-wide market concentration, 
capacities of manufacturers, etc. Therefore, Task 2 should carefully 
analyse, on which prices or price ranges the calculation of LLCC and 
thus the design of policies and measures should be based. 

Indeed the market is very volatile 
currently, but it is hard to take this on 
board and will remain uncertain 
anyhow. It should be tackled in the 
sensitivity analysis 

UBA 2 general Important market information missing: 

Besides optimisation of windings and core design and the not yet 
feasible option of using superconducting technology, the most 
important technical options to reduce load and no load losses of 
distribution transformers are the application of improved cold rolled 
grain oriented (CGO) steel, with improved cutting technology and 
decreased lamination thickness of 0.23 mm, and the change from 
CGO steel technology with crystalline atomic structure to amorphous 

CGO will be updated (see Thyssens 
comments). 
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cores with non-crystalline anisotropic atomic structure 
(Targosz/Topalis/et al. 2008). However, there are only very few 
manufacturers of CGO steel and amorphous metals that can supply 
transformer manufacturers. Moreover, there are currently only very 
few manufacturers of amorphous transformers. Finally, switching 
production to very energy-efficient CGO steel transformers and 
particularly to amorphous transformers needs large investments, and 
will be very difficult for small and medium transformer manufacturers. 
Task 2 contains an analysis of market introduction of amorphous 
metal distribution transformers. However, with regard to the analysis 
of policy impacts in Task 7 it is absolutely necessary to analyse the 
current market structure and market concentration and the effort 
needed to switch production lines in much more detail, thereby 
differentiating between both the different transformer production 
processes and the different steel manufacturing processes. In 
particular, the problems in the market today to provide sufficient 
quantities of thin CGO steel at a competitive price due to only limited 
number of producers and limited capacities are neglected so far. 

Targosz, R.; Topalis, F..; et al. (2008): Analysis of existing situation 
of energy-efficient transformers - technical and non-technical 
solutions, Report (final version of deliverable no. 1) from the EU-IEE 
project „Strategies for development and diffusion of energy-efficient 
distribution transformers (SEEDT)“, Wroclaw, Athens, et al. 

UBA 2 Tab 2-
1, p. 
83/84 

Stock and sales data differ between sources. Sources for the data 
given in Table 2-1 are not given. It remains unclear why the data in 
this table has been selected and other information has been 
neglected. In particular, the data and assumptions for the 
development 2005 to 2020 should be explained well. 

This is a summary and should match 
one-to-one with tables in the text. It 
should be clear that replacement rate is 
equivalent to life time, e.g. replacement 
rate 10 % is equivalent to 10 years life 
time. We consider adding this in the 
text. 

UBA 2.2.3.2  An important market trend missing is the influence of regulation of 
electricity distribution and transmission companies on the choice of 
transformers, cost saving approaches, relocation of transformers and 
reduced redundancies in the electricity system. 

This is an issue of chapter 3 related to 
users but we will make a reference to 
chapter 3 in the section on trends  (2.3). 



Stakeholder comments 

UBA 2.2.5  Since lifetime of transformers in practice partly even exceeds 40 to 
50 years, and since exchange of existing stock will take a long time, 
it should be considered to extend the timeframe of calculations to the 
year 2050. 

Could be in the sensitivity analysis. 
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Stakeholder Section Page Comment VITO and partners Reply 

Task 3 

TB TCS General  
 Higher utilisation factors (e.g. sweating the assets) increases the 

costs of lost energy, lower losses can be obtained by operating 
at lower utilisation or transformers with larger than necessary 
conductors.  

 

Thanks. This should confirm the 
relative low load factors (Pavg/s) in 
section 3.2.2.1. This argument will be 
added to the text. We illustrated this 
with an example. 

TB TCS General  
 Equipment efficiency is stated at nameplate rating. There should 

be no reference to efficiency at any other load factor. Lower 
utilisations mean lower efficiencies. But this means the 
transformer can have an efficiency close to zero when it is off 
load. If higher efficiency in operation is the desired goal then 
there needs to be a change to smaller rated but more 
transformers. In reality this needs a change in network design 
policy and is probably not a good idea in the longer term.  

 

 
UK Utility Approach to Distribution and Medium Power 
Transformers  

 Transformer losses are governed by the design of the 
transformer in accordance with the utility specified capitalisation 
formula as suggested. However, there is a focus on significant 
noise reduction in the specifications which aligns with the 
reduction in no load loss.  

 

 We have specified noise levels which we think the industry 
needs to meet and not what the manufacturer can produce. This 
in turn challenges the manufacturer to improve his products and 
find new solutions to achieve the required noise level.  

 

 No load loss is considered to be the most important as it is 
always consumed when the transformer is energised. Load loss 
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is a factor of the load being consumed and as the transformer 
operates at 0.2 load factor, this means that the load loss is 
approximately 0.04 times the measured loss. If the load loss was 
6 kW e.g. 500 kVA distribution unit, then the average load loss is 
then 240 W compared with a low value of no load loss for a 
similar transformer of 700 W.  

 

PCPM / ECI Table 3-1 130 This is much too low. Keep in mind that power transformers as 
understood in this study cover 3 steps of transformation, so the 
average load should be referred roughly to installed capacity 
divided by 3. We think this should be ~0.7. What is 
characteristic for some of these transformers is very high 
overload capacity, and this is probably the explanation why 
power transformer designs may differ by factor of 4 or so 

See discussion in the meeting 

PCPM / ECI 3.2.2.1.3, 
formula 
3.1 

135 Fundamentally correct, but be careful; Ppeak is not the same as 
S, and no provision for RMS load here 

Kf accounts for RMS load curve and PF 
to account for S 

PCPM / ECI 3.2.2.1.3, 
formula 
3.2 

136 I think mathematically it is correct, however the concept of peak 
load is somehow bypassed? 

No, it is included in Kf 

PCPM / ECI 3.2.2.1.3, 
formula 
3.3 

136 Here it comes: Obviously Pmax = Ppeak? Formula 3.2 is used 

 

Dansh Energy 
Agency/AFHH/EJ 

3.1.3.1 131 Industry –CAPEX focus and short horizon, yes. Suggest to add DER 
investors who often have have very short payback time targets. It 
might be so that in essence, only DSOs and TSOs demonstrate 
overall life cycle optimisation targets when purchasing transformers.  

added 

 

3.2.2.1.4 139 For wind turbines, the shown “load profiles” are not normal practice. Is it possible to provide some in excel 
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Dansh Energy 
Agency/AFHH/EJ 

Instead, one derives an annual load profile from the wind turbine 
power curves i.e. kW output vs wind m/s and the local wind 
distribution for the development, modelled as a Weibull distribution. 
Typically, one arrives at load/loss efficient hours (i.e. hours multiplied 
with installed power/losses at peak equal to annual 
generation/energy losses) of onshore: 3500/3000 hours –offshore 
4000/3500 hours.  

for inland and offshore? 

 

PCPM / ECI 3.2.2.1.4 
Table 3-2 

140 Although we are not passionate with this formula we think this 
is close to reality. In SEEDT we got similar figures. For power 
we think or rather feel it should be less, like 1.05 

1.05 instead of 1.073 will worsen the 
gap with a 50 % loading.. (stakeholder 
meeting discussion) 

PCPM / ECI 3.2.2.1.4 
Table 3-
4, 
public 
sector 

141 We think it could be over-interpretation here. We have not found 
any confirmation of this interpretation of average in Prophet 

See discussion on stakeholder meeting 

PCPM / ECI 3.2.2.1.4 
Table 3-5 

142 ñLoad factors for power transformersò ï we think these are very 
arguable. Roughly if the installed capacity of power 
transformers is ~ distribution transformers and the load is of 
factor between 2 and 3 how could this be? 

See discussion on stakeholder meeting 

UBA 3 general Based on differentiation between relevant market actors in Irrek et al. 
(2008, see above) and on the existing scope of the preparatory 
study, it is recommended to differentiate between the following 
relevant market actors: 

- Electricity transmission companies, transmission system 
operators 

- Larger electricity distribution companies, distribution system 
operators 

- Smaller electricity distribution companies, distribution system 
operators 

These are late comments as chapter 3 
is finalized since long time to take into 
account now. We keep this in mind for 
chapter 7. 

It is included in section 3.1.1 
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- Owners of large industrial plants 

- Owners of small industrial plants or sites in the tertiary sector 

- Owners of small industrial transformers 

- Engineering firms, ESCOs, energy consultants and planners, 
who often have a large influence on decisions, particularly in 
small industrial plants and the tertiary sector 

- Users that are not owners, e. g., shops or offices renting 
space in tertiary sector sites 

- Large transformer manufacturers  

- Small transformer manufacturers 

- Steel, copper and aluminium manufacturers. 

Policy options to be developed in Task 7 will have to take into 
account the differences in market position, incentives and 
disincentives, barriers and obstacles, capabilities and capacities, 
knowledge and decision processes of these different actor types in 
the transformer market chain. Therefore, this should be analysed in 
more detail and in sufficient differentiation in Task 3. 

UBA 3 130 The transformer lifetimes identified are reasonable. However, 
lifetimes should be differentiated according to the subcategories 
identified in Task 1. For example, Targosz/Topalis/et al. 2008 (see 
above) differentiated between lifetime of liquid-filled and dry-type 
transformers in industry, while the preparatory study has the same 
value for both. Moreover, it should be noted that application in 
practice can deviate from the lifetimes identified. In particular, in 
many cases, lifetime can exceed the one identified. This should be 
mentioned in the text 

It is suggested to add a window of 
lifetimes for the sensitivity analysis 
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UBA 3.2.2.1.5 135ff., 
140ff. 

Empirical base for the identification of load factors is very limited and 
not very strong. Therefore, in Task 7, sensitivity analysis should be 
carried out with different load factors. For this, in Task 3, the possible 
ranges should be defined well. 

For the year 2005, the choice of load factors might be realistic on 
average. However, for a specific application, the load factor can 
differ a lot from the average. This becomes particularly relevant 
when defining MEPS and an energy labelling scheme, and when 
looking at the impact of these policies and measures on a specific 
application in practice in Task 7. Also from this perspective, in Task 
3, possible ranges of load factors in practice should be identified 
well. 

Moreover, the development of the distribution system will change in 
the future. For example, in Germany many distribution transformers 
will be relocated or abolished in the coming years, and the load 
factor might increase over time. Therefore, Task 3 should give 
information on the possible development of load factors over the 
timeframe of analysis. 

The low average load factor of power transformers is questionable. 
In some regions, an overload of transformers can even be assumed. 
In addition, if one takes into account that the installed capacity is 
similar to the capacity of distribution transformers, such a large 
difference between load factors of both transformer categories will 
not be feasible. At least, the data basis and arguments for this choice 
of this load factor for power transformers should be made more 
explicit. 

See discussion in the stakeholder 
meeting 

UBA 3.2.2.1.3 135 When setting the load factor in relation to the power of the 
transformer, it should be carefully differentiated between the rated 
power (named “S” in the preparatory study) and the maximum power 
of a transformer, which can deviate from the rated power 
substantially. There should be one single variable name for the 
maximum power, not using partly “Ppeak”, partly “Pmax”. 

Indeed this has been updated and 
probably also the cause of confusion 
about the load factor with stakeholders. 
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Stakeholder Section Page Comment VITO and 
partners Reply 

Task 4 

 
 

ThyssenKrupp 
Electrical Steel 
(TKES) 

4.1.2.1 153 Magnetic core: We propose some little changes in the figures 

é.They have a low carbon content (< 30 ppm to reduce losses) and are 
commonly alloyed with Silicon (content < 3,5%). ééTypical thickness is from 
0,18mm to 0,35 mm. 

éGrain Oriented Electrical Steel (GO) is steel whoseé..  (Remark: CGO is the 
abbreviation only for conventional grades, see also 2.2.6.7) 

 

é.Amorphous Steelé is considered as a Best Available Technology (BAT): 
Remark: BAT refers here only to one factor (no load losses) under special 
circumstances (low average transformer load) and only for special transformer 
types (DT). Regarding the disadvantages of amorphous materials in regard to 
noise levels, building size, cost, no stacked cores (see page 212) BAT is here not 
the right wording. Thus we propose to change the phrase: Amorphous Steel, 
which.é.will be presented in detail in chapter 5 as an alternative core material 
with very low no-load losses 

 

Will be 
integrated in 
the text 

 

 

This part will 
not be 
included: 
amorphous 
core is 
considered as 
a BAT, even if 
it cannot be 
implemented to 
every base-
cases.  

Technical 
analysis has 
shown that it 
can achieve 
very low levels 
of losses 
compared to 
the technology 
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used in the 
base-cases. 
The drawbacks 
of all types of 
BAT (not 
limited to 
amorphous) 
will be 
discussed in 
Task 5. 

 
 
T&D Europe 

4 150 No load losses Po [W] at 75 °C : delete temperature for no load losses no 

influence of the temperature on the no load losses. The sentence should be 

No load losses Po [W] , and load losses Pk [W] at 75 °C  

Will be 
integrated in 
the text 

 
 
T&D Europe 
 

4 151 Idem for table 4/3  delete temperature for no load losses in the top of the table Will be 
integrated in 
the text 

 
 
T&D Europe 

4 Table 4 -4:  151 Table 4 -4: Common scaling relationships in transformers (DOE, 2007 77): 

Formulas given in this table are untrue, if they are used in a large 

extrapolation over 10% and with similar technologies of coils and core and 

cooling . 

We are aware 
of that. 

Quotation from 
the report: 
ñThis approach 
was 
nonetheless 
only used for 
transformers 
with similar 
efficiency to 
the base-case.ò 

 
 
T&D Europe 

4.1.2.1Coil/windings 

and insulation 

152 The windings are made as concentric shells around the core  or for shell type 

the core is around the coil.  

Will be 
integrated in 
the text 
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materials  

 
 
T&D Europe 
 

4.1.2.1 First 

sentence  

153 The windings have to be insulated (normally coated by varnish  or paper )  

 

 

Will be 
integrated in 
the text 

 
 
T&D Europe 

4.1.2.1 tank /Frame  154 
The tank has four  purposes: it contains the oil in liquid - immersed 

transformers,  
protects the active part from the exterior environment allows the transmission of heat 
between active part and cooling devices and is a support structure for the accessories 
and control equipment. 

Will be 
integrated in 
the text 

 
 
T&D Europe 

4.1.2.1 Cast 

compound  

154 Porcelain  or epoxy cast for distribution transformers are mainly used for 

bushings in oil - immersed transformers.  

Will be 
integrated in 
the text 

 
 
T&D Europe 

4.1.2.1 Coatings  154 New IEC 60076 -1 indic ate to use ISO 12944 for corrosion protection  

definition  

Will be 
integrated in 
Chapter 1, if 
not already 
there. 

 
 
T&D Europe 

4.1.2.2 EcoReport 

BOM 

155 A very small quantity of silver is used in the contact on load tap changer and on special 
request for off circuit tap changer. Manufacturers of these accessories could indicates 
these quantities 

This material is 
considered 
negligible in 
the BOM, in 
comparison 
with the other 
quantities in a 
transformer. 

 
 
T&D Europe 

4.1.4.1  157 
Stakeholders are welcome to comment on the value of th e availability factor 

(0.5) for DER transformers.  Following information of the manufacturer DER 

transformers are supplied during 220 days per years with average load 

during theses days of 0,7.  That mea ns 0,5 seems to be correct.  

Thank you for 
this feedback.  
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This input was 
estimated in 
chapter 3 and 
will be updated 
if additional 
information is 
received. 

 
 
T&D Europe 
 

Table 4 -8:  157  
Load factor for large power transformers is to low. The value is 0,4 following 

transformer manufacturers point of views;  This input was 
estimated in 
chapter 3 and 
will be updated 
if additional 
information is 
received. 

PCPM / ECI Table 4-9 158 The results are these because the loading is assumed too low The loadings 
were estimated 
in chapter 3 
and will be 
updated if 
additional 
information is 
received. 

 
 
T&D Europe 

Table 4 -9: Annual 

electricity losses of 

the seven base -

cases  

158 
Manufacturers ask to clarify  the results of the table 4.9  

 by use the formulas  

Etr(y) [kWh] = Af  x (P o[W] + P k[W] × ( Ŭ × K f/PF)2 + P aux ) × 8 760/1 000  

Or  

Etr(y) = Af x ((P k x Ŭ2) + P o) x 8 760/1 000  

With the data of Table 4 -8: Usage parameters as defined in chapter 3  and 

4.3  

We will expose 
intermediate 
results of the 
calculation in 
the table. 

 
 
T&D Europe 

4.1.4.2  158 
To complement stakeholdersô price information, a simplified cost estimation 

based on the fact that the cost of the active part represents  around 35% of 

the purchase price of a transformer 81 (20% for power transformer) was  

The 
estimations of 
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used.   Manufac turers believe that the value given in the text is false and too 

low. Revision formulas of the utilities could give better values.  

the prices from 
the BOM will 
be made 
clearer in the 
report. 
However, an 
updated 
approach of 
the price 
estimation is 
still required 
and utilities 
will be 
contacted. 

 

 
 
T&D Europe 

Table 4 -10:  159 
Oil price is widely false. For hermetically sealed distribution transformers 

there are no need for additional oil during  the life of the transformer. For 

large power transformers before 30years additional oil represents only 10% 

of the volume. Sometimes after 30 years the oil may be changed.  

This price will 
be updated in 
chapter 2. 

 
 
T&D Europe 
 

4.1.4.3  159 
General remarks  for noise level: It is important to precise if noise is sound 

power level or pressure level in all text. Example Page 30 this is not done  
 

 

 

All text will be 
checked and 
this 
information will 
be specified 

 
 
T&D Europe 

4.1.4.3  159 
42 to 71 dB(A) for Eo  must be change by  42 to 66 dB(A) for Bo  

Will be 
integrated in 
the text 

 
 
T&D Europe 

Table 4 -10:  159 Table 4 -10: The reference of magnetic ste el has to be in compliance with 

the standard designation and not magnetic steel manufacturerôs reference. 

Example:M5 is M 140 -30P5 according to IEC 60404 -8 

This designation has to be changed in all documents for all references of 

Will be 
integrated in 
the text 
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magnetic steels.  

 
 
T&D Europe 

4.1.4.3  159 

For dry-type transformers, the HD538 standard does not mention a related sound level. 
This standard is under revision with number EN 50541-1 This new standard will  
propose several lists of noise level and will be published end of 2010 

For chapter 1: 
Is it possible to 
have a copy? 

 
 
T&D Europe 

Table 4 -11:  161 Sheetmetal Scrap 5%  : If scrap include tanks and core the scrap is more 7%  This average 
value (5%) has 
been agreed 
during the 
meeting and 
will be kept. 

 
 
T&D Europe 

Table 4 -11:  161 
Compliance between the table 4 -11 and the text 4.1.5 related to the 

thermal  cycling and material cycling  The options 
presented in 
table 4-11 
(100% thermal 
recycling) only 
refer to the oil. 
This 
misleading info 
will be 
completed. 

 
 
T&D Europe 

 162 
The electricity rate was estimated at 0.07115 Euro/kWh in chapter 2 for all  

base -cases, except for DER transformers (BC 5 and 6) for which a rate of 

0.3  

Euro/KWh 84 has been applied.  The electricity rate should be different for the 

large power transformers and the others transformers.  

This will be 
taken account 
in chapter 3 if 
more inputs 
are provided. 

 
 
T&D Europe 

Under table 4.12 163 
The oil is changed every 12.5 years on average, for a transformer technical 
lifetime of  35 years (see chapter 2): the initial quantity of oil was thus multiplied by 2.8 
in the Bill of Materials.  See our previous remarks in page 159 table 4.10  according to 
the additional volume and change of oil ; 

This will be 
corrected: we 
will now 
assume that 
the oil is not 
replaced 
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during the 
whole lifetime 
(for all types of 
transformers) 

 
 
T&D Europe 

Table 4-26:  190 Table should be revised according to the previous remarks done; It will be done. 

 
 
T&D Europe 

 197 

Stakeholders and operators are welcome to comment on the financial benefits 
oftransformers recycling/selling at the end-of-life. Manufacturers indicate that there is a 
balance between the expenses and the incomes. No benefits on these operations; 

We understand 
that this is in 
accordance 
with the text. 

 
 
T&D Europe 

 197 
Despite a small amount of power transformers in stock, these transformers 

are  
responsible for about half of the overall impacts due to power and distribution 
transformers in EU. Manufacturers are surprise by this conclusion and think that there 
is a mistake in assessment of the impact of large transformers. We think that this 
impact is widely smaller than  half of the overall impact. 

We are also 
surprised but 
could not find 
any 
explanation. 

The stock of 
power 
transformers 
(GVA) is 
precisely 
known (UCTE) 
(ENSOE) and 
transported 
energy 
(Eurostat). 
Taking the 
base case 
transformer 
performance 
(as put forward 
by T&D) this 
leads to such a 
result. 
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Dansh Energy 
Agency/AFHH/EJ 
 

4 148 “DER transformers: 2 MVA”. A significant portion of the European wind turbines have 
higher ratings, 4 MVA is typical for offshore. 

After 
discussion 
during the 
meeting, this 
average rated 
power of 2MVA 
will be kept. 

 
 
Dansh Energy 
Agency/AFHH/EJ 
 

4.1.4.1 157 ” Stakeholders are welcome to comment on the value of the availability factor (0.5) for 
DER transformers.”  0.95 is more appropriate as outages are driven by generating 
plant availability. 0.95 is a typical wind turbine contractual value. 

The availability 
factors were 
estimated in 
chapter 3 and 
will be updated 
by Vito if 
additional 
information is 
received. 

 
 
Dansh Energy 
Agency/AFHH/EJ 
 

4.2 160 General comment, partly a repetition of above: It is suggested to emphasise that 
particular constraints are likely to apply to DER transformer units, especially offshore 
wind turbines where transformers as a matter of necessity will sit in the tower, making 
small dimensions utterly mandatory. 

As stated for smaller industry transformers: Energy efficiency should preferably be 
assessed for the complete DER plant rather than for a specific component. 
Emphasising that the assessment is to comprise the entire DER plant. For turbines, 
loss efficiency “power curves” are often stated at low voltage terminals, neglecting the 
transformer although it an inherent portion of the plant. 

While we agree 
that it is more 
accurate to 
assess the 
energy 
efficiency of an 
entire system 
rather than one 
component, 
DER plan 
energy 
efficiency is 
outside of the 
scope of the 
study and will 
not be 
assessed 
quantitatively. 
Particular 
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considerations 
for 
transformers 
used in these 
settings, such 
as size, shape, 
and weight will 
be mentioned. 

 

 
 
Dansh Energy 
Agency/AFHH/EJ 
 

4.2.1 161 “0.3 Euro/KWh (for BC 5 & 6)” is perhaps an extremely high figure. UK - £0.16/MWh; 
DK – DKK 1/MWh. Suggesting EUR 0.14 /MWh as more appropriate. 

We assume 
you meant 0.14 
ú/kWh? 

This 
information 
could be 
updated in 
chapter 2, if it 
is considered 
representative 
of the EU 
situation. 

 
 
Dansh Energy 
Agency/AFHH/EJ 
 

4 and 5 - The message taken from the findings is that TSO/DSO practice of stating loss 
capitalisation factors in enquiries and assessing the optimal tender from CAPEX + net 
present value OPEX remains correct and appropriate. 

Substantiating the view that focusing on user behaviour could be at least as productive 
as maintaining a technology focus as done in 5) so as to enhance energy efficiency in 
a transformer context. 

The study only 
presents 
unbiased 
technical and 
economic 
information to 
allow policy 
makers to 
make informed 
decisions. No 
statements are 
intentionally 
made to 
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prescribe 
ñcorrectò or 
ñappropriateò 
methods. 
Results of the 
political 
process after 
the preparatory 
study could 
indeed focus 
on either user 
behaviour or 
technology. 

UBA 4.1.2. 155 With regard to the environmental assessment of base cases, there are gaps 
particularly with regard to the environmental impact of different steel qualities. It can be 
assumed that there will be huge differences regarding the environmental impact of 
producing amorphous steel, CGO steel or other steel types – this should be considered 
even if the MEEuP Ecoreport does not allow to differentiate many types of steel. 

As exposed 
during the SH 
meeting, the 
tool that is 
being used 
within the 
MEEuP 
methodology 
does not 
include such 
levels of 
details in the 
database. 
However, if 
significant and 
required, such 
differences in 
the 
manufacturing 
impacts will be 
taken into 
account thanks 
to additional 
data. 
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UBA 4.1.4.1 158 With regard to the annual losses presented in Table 4-9, it should be made more clear 
that these results strongly depend on the loading assumed. Sensitivity analysis of 
different loadings would show how loading assumptions influence the choice of a 
product. 

The sensitivity 
analysis will be 
done in 
chapter 6. The 
calculations 
will be made 
clearer. 

UBA 4.2 160 The deviation from the scope defined in Task 1, i.e. the exclusion of line voltage 
restorers and phase-shifting transformers as well as control transformers from the base 
cases, is not explained in the study. 

 

With regard to the size of the transformers in the base cases, it should be considered 
to include a further base case of smaller MV/LV distribution transformers. Although 
there is a tendency to increased size, and 400 kVA will probably be a good choice for 
the average transformer, there are many transformers sold in the market of lower size 
(e.g., 160 kVA), with different characteristics. In addition, it should be carefully checked 
if the size of the industrial transformers is really an average figure (maybe slightly 
oversized). Moreover, for the analysis of impacts on the market, it is very important not 
only to present typical sizes of average products, but to give figures on the distribution 
of sizes within a base case category, e.g. the distribution of sizes of distribution 
transformers and industrial transformers. 

Task 1 will be 
completed 
regarding this 
matter. 

According to 
the discussion 
held during the 
Stakeholder 
meeting, it was 
decided to 
keep the power 
rating of the 
distribution 
base-case as 
such. The 
distribution of 
sizes of 
distribution 
and industrial 
transformers 
will be possibly 
be added in 
Chapter 2 if 
data available. 
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CLASP  

 

 
4.1.2.2  

 

 
155  

 

 
In this section, the EuP draft report notes “Because the EcoReport was initially 
designed as a simple and generic tool for Ecodesign preparatory studies, its database 
does not include some materials found in transformers such as: Different types of 
magnetic steel: cold rolled grain oriented, amorphous, etc.; oil (mineral or 
biodegradable); wood and Ceramic/Porcelain.”  
While some of these materials that are not in the EcoReport database are not 
substantial to the overall weight of the transformer, CLASP is concerned by the lack of 
specific information pertaining to the different types of magnetic steel, including grain 
oriented electrical steel and amorphous material. We are concerned with the 
assumption that “the differences of environmental impacts between the different types 
of steel are expected to be negligible” and would prefer that further study be conducted 
on this issue. The manufacturing of electrical steel is energy-intensive, involving 
extended periods of high-temperature “baking” to enable large crystals to form in the 
metal, and then frequent and long rolling processes to flatten the steel and create the 
coils. CLASP understands that there is increasing embodied energy per kilogram of 
steel moving from a less efficient grade of steel to a more efficient grade.  
In an “Eco-sheet” published by Leonardo Energy on three 100kVA distribution 
transformers in 2006, 5two references may be of some assistance to the analytical 
team in conducting further analysis around the issue of a more accurate representation 
of magnetic steel in the EcoReport database:  
• The respective tools and models have been provided by PE Europe, Haupt- strasse 
111-113, D-70771 Leinfelden-Echterdingen (Stuttgart), Germany, www.gabi-
software.com  
• The original information of this environmental declaration sheet is taken from the 
results of the GABI4 i-report referring to the ecodesign toolbox 2005 (for information, 
contact Hans De Keulenaer, email hdk@eurocopper.org)  
 

Same response 
to comment 
from UBA 
above (p155).  

Further 
information will 
be obtained 
but given the 
low influence 
of the 
manufacturing 
phase on the 
life cycle 
impacts and 
the 
compulsory 
EcoReport 
tool, we do not 
consider this 
as a priority.  

 

 
CLASP  
 

 
4.1.2.2  
 

 
156 

 
The report states “In the EcoReport spreadsheet, mineral oil was added as a „plastic 
material‟…” CLASP questions the decision to model mineral oil as a processed plastic. 
It would seem that there must be some alternative in the EcoReport database that is 
closer to transformer mineral oil that plastic material.  
 

Unfortunately 
not. However, 
the impacts are 
not the same 
as a plastic 
material and 
were manually 
added into the 

mailto:hdk@eurocopper.org


Stakeholder comments 

tool. This 
option enabled 
us to consider 
thermal 
recycling for 
mineral oil 
(only 
applicable to 
plastics in 
Ecoreport) 

 
CLASP  
 

 
4.1.4.2  
 

 
158 

 
In the first paragraph of this section, last sentence, a statement is made about the 
percentage of the purchase price of a transformer that is represented by the materials 
used in construction. A footnote is added which cites a DOE study published in August 
2002 as the source of this information.  
CLASP wishes to point out that DOE published a revised version of this analysis, 
including four different transformer designs (two liquid-immersed and two dry-type) with 
an accompanying detailed bill of materials. These designs were published in the 
Engineering Chapter of DOE‟s Notice of Proposed Rulemaking (NOPR) in August 
2006. Please see section 5.6 of the PDF found on this link:  
http://www1.eere.energy.gov/buildings/appliance_standards/commercial/pdfs/transformer_tsd/chapter_5.pdf  

 

This will be 
updated thanks 
to the provided 
document, and 
also through 
the price 
enquiry to be 
launched after 
the stakeholder 
meeting. 

 
CLASP  
 

 
4.2  
 

 
161 

 
Table 4-11 presents modelling inputs are provided for a range of the EcoReport 
Sections. This is a minor point, but CLASP questions whether it is appropriate to use 
the same electricity rate for base case 1 (distribution transformer, 400 kVA), base case 
2 (industry transformer: oil), base case 3 (industry transformer: dry), base case 4 
(power transformer, 100 MVA) and base case 7 (separation/isolation transformer, 16 
kVA). Losses on the transformers owned by the electric utility will generally be less 
than 0.07115 Euro/kWh, which is more in line with the electricity rates of an industrial 
end-user.  
 

This will be 
taken account 
in chapter 3 if 
more inputs 
are provided. 

 
CLASP  
 

 
4.2 
 

 
161 

 
The last bullet on this page reads: “An average distance of 500 km over the product life 
was assumed.” CLASP questions the basis for this assumption, as it seems that the 
travel distance might be higher. Given that a few transformer companies dominate the 
European market, their centralised production facilities will result in the need to ship 
transformers throughout the EU, by rail and road. CLASP notes that the US 

This distance 
only refers to 
the 
maintenance 
and repair 
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Department of Energy assumed a shipment distance of 1000 miles in its analysis of 
regulations on distribution transformers. See section 7.2 in the PDF found on this link: 
http://www1.eere.energy.gov/buildings/appliance_standards/commercial/pdfs/transformer_fr_tsd/chapter7.pdf  

 

services during 
the use phase. 
Assumptions 
are made with 
the Ecoreport 
for the 
distribution 
phase 
(shipment). 

The current 
value was 
estimated 
correct during 
the stakeholder 
meeting. 

 
CLASP  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
4.2.2 
 

 
163 

 
Table 4-12 presents some of the modelling assumptions made when working to match 
transformer materials being assessed to the most appropriate material or process from 
the EcoReport database.  
As discussed in a comment earlier in this chapter, CLASP is concerned about the use 
of “21-St sheet galv.” as being representative of grain oriented electrical steel. CLASP 
is requesting that the analytical team contact the author of a 2006 life-cycle 
assessment on three transformers as well as the LCA consulting firm that supported 
that study.  
 
CLASP is concerned about the use of “23-Cast Iron” as being representative of the 
transformer tank. Rather than cast iron, transformer tanks are made out of low-carbon, 
rolled steel plate, ASTM A283 Grade C. These plates are welded together along the 
seams to form a sealed tank. Sometimes cooling fins, radiators, and other parts are 
added to the tanks.  
 
CLASP located an illustrated marketing brochure on transformer tanks which provides 
some technical data and other information about transformer tanks. This may be 
helpful in your review of this modelling assumption: 
http://www.ptd.siemens.ru/files/14765.pdf 

 
Tanks are shown as “cast iron”.  This is not correct.  Tanks are generally  

Same response 
as above, we 
are aware of 
such problems 
but it is not 
considered as 
a priority for 
the time being. 

 

http://www.ptd.siemens.ru/files/14765.pdf
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TB TCS manufactured from mild steel. 
 

Hitachi   Some layouts problems (tables not fully visible) 
Will be 
improved 

Hitachi   The BCs are below 25 kV (as defined in EN standards) 
Will be 
integrated in 
the text 

Hitachi   There is no scrap during amorphous material manufacturing. 
 Will be 

included in 
chapter 6 

Eurelectric 4.1.2.2 154 CO2 impacts are dominated as they say be use phase ( ie losses) however the COP2 
impact will vary dramatically between countries due to generation mix - NB France 
Nuclear, German./ Danes Wind, Scandinavia hydro. Note also UK future low carbon 
gen targets and 35GW renewables by 2020.....  From raw material impact - similar 
arguments - if we look at ENERGY impact from use of aluminium coils its high, but as a 
lot of Al comes from Canada and Norway where hydro significant the CO2 impact is 
low.......! 

 

As explained 
during the 
stakeholder 
meeting, the 
electricity mix 
has been 
assessed 
previously to 
define the 
methodology 
(it is common 
to all 
preparatory 
studies) and is 
not expected to 
be re-
calculated. 

Eurelectric 4.2.1 161 Distribution trafos bought in ESB are sealed for life. Power Trafos have their oil filtered 
but not replaced. What utilities are replacing transformer oil??? This will be 

taken into 
account in the 
future: the oil 
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is not 
considered to 
be changed 
over the whole 
lifetime. 

Eurelectric 4.3.1 171 In UK Oil is recycled, not incinerated. 
 More details 

will be asked 
on this 
comment. 
Different end-
of-life 
scenarios can 
of course be 
considered. 

TB TCS  160 400 kVA distribution transformer is not a main standard.  630 kVA  
would have been a better rating for this 
 

100 MVA power transformer is much larger than most medium power  

and much smaller than most transmission size units.  It would have  

been better to split this into two sections as IEC does i.e. up to 100  

MVA and above 100 MVA with the smaller size around 60 MVA and  

the larger unit about 300 MVA. 

According to 
the discussion 
held during the 
Stakeholder 
meeting, it was 
decided to 
keep the power 
rating of the 
distribution 
and power 
base-cases as 
such. The 
distribution of 
sizes of 
distribution 
and industrial 
transformers 
will possibly be 
added in 
Chapter 2 if 
data available. 
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TB TCS 4.1.4.3 159 The definitions imply sound level is measured in terms of sound power level,  
but this section would suggest that the noise level is discussed in terms of  
sound pressure level.  The document needs to be consistent in terms of either  
sound power or sound pressure. 

The report will 
be harmonised 
regarding the 
sound 
parameter. 
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Stakeholder Section Page Comment VITO and partners Reply 

Task 5 

DKI / ECI 5.1.2.1 203 The thermal coefficient of resistance of aluminium is 3770*10
-6

 Agreed 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

Summary 199 Wording phrase 1: -The use High permeability Grain Oriented Electrical Steel 
(HGO) 

Agreed 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.1.1.5 202 Remark: There is a new technique ñUnicoreò, developed in Australia. Here 
domain refined material can be used without annealing. The Unicore technique 
is today accepted in more than 30 countries and is also being tested in the EU.   

http://www.aemcores.com.au/ 

Thanks for informing us, 
will be updated 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.1.2.3 206 Wording for product names (see also 2.2.6.7): 

1). GO - Grain Oriented Electrical Steel, 2). HGO - High permeability Grain 
Oriented Electrical Steel, 3). Domain Refined HGO 

Remark on Chapter ñHigh permeability Steelò, last 2 phrases (é..Later on other 
alloys based on MnSeéé.due to lower magnetisation): In our view this 
statement is not confirmed.  

Thanks for informing us, 
will be updated 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.1.2.3 207 Figure 5-6: See also attached documents ñNew developments in Manufacturing 
of GO Electrical Steelò, where you can find data on core loss evolution. 

Grading and designation of GO: é.by core loss. The worldwide valid system is 
the IEC 60404-8-7. In Europe, the EN 10107, which is comparable to the IEC 
60404-8-7, is applicable. In business practise also the old system of the 

Thanks for informing us, 
will be updated 
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American Iron and Steel Institute (M-grades) is still used, however without 
technical relevance. 

We propose not to use the M-Grades but the EN standard designation.   

Other grading systems (JIS, GOST) you can find in the attached TKES-product 
brochure 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.1.2.3 208 Table 5-3: Remark: The values for CGO 0,18mm are not standardized in the EU 

Potential barriers: 

The M2 materialé..itsô application at 1.7 T is not specified in the EU. Remark: 
M2-material (= CGO 0,18mm) is mainly used in the US-Market (for single phase 
pole transformers), but rarely in the EU. 

...in hexagonal core form transformers, unless Unicore-technique is applied (see 
Comments on 5.1.1.5) 

Agreed 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.1.2.4 211 General Remark: Is a comparison between a core (amorphous) and a core 
material (HGO-DR) reasonable? 

A typical value for HGO-DR at 1.7 T is 0.81 W/kg  

Data corrected. 

The context should make 
the reader aware of the 
difference but we cannot 
avoid to put these 
materials next to each 
others (as many 
stakeholders are 
interested). 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

 212 Bullet point 6: Due to their bigger size and construction as well as to the higher 
magnetostriction value of AM compared to GO these transformers tend to have 
higher noise levels.  

Noise is about 6% [6 db(A)?] higher than similar GO steel transformers.  

Remark: Giving Noise in % might be misleading, we would prefer a db or db(A) 

Adapted (no figures are 
given). 
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value. Is there any study/reference that can be cited for this value? 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.1.2.6 215 The highest efficiency éé.based on HGO-DR (instead of HIB-DR)  Agreed 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.2.2 221 R&D on silicon steel 

See attached documents, which are quotable:  ñNew developments in 
Manufacturing GO Electrical Steelò.  

Section completed with 
info provided 

 

ThyssenKrupp 
Electrical Steel 
(TKES) 

5.2.4 222 2
nd

 chapter:  éwould be about 30-45 kg. Remark: Do you mean ..-45 kg or ..-45 
kg/MVA? 

The reference is unclear 
and therefore it will be 
deleted. It has no impact 
on the study. 

 
 
T&D Europe 

5  Summary 198 The use of copper c ompared to aluminium conductors: This sentence is true 

for certain ratio between the copper and the aluminium raw material price.  

Itôs a summary we 
avoided details 

 
 
T&D Europe 

5  Summary 198 The use of a circular limb core cross -section : This  untrue other form could 

be more  efficient  

Reformulated to 
óCruciformô 

 
 
T&D Europe 

5  Summary 199 The use of amorphous steel (significant lower core losses) : Not possible to 

large power transformer  

Added 

 
 
T&D Europe 

5  Summary 199 The use of transformers with silicon liquid : Untrue because the temperature 

of the losses and the environmental aspects.  

Add synthetic ester  

Synthetic esters added 

 
 
T&D Europe 

5  Summary 199 Increasing the cross section of the conductor and cross section of the core  Agreed 
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T&D Europe 

5  Summary 199 The improvements options considered as Best Non Available Technologies 

concern: (add  :  

Grain oriented magnetic steels  

Added (see Thyssens) 

 
 
T&D Europe 

5.1.2.1  202 5.1.2.1 Use of copper compared to aluminium conductors : All 

manufacturers have the knowledge of the technologies to choose the most 

appropriate raw material for conductor (aluminium or copper) according to 

the level of losses and commonly achieved that. See CIRED n°108 of 2008  

This statement was 
added but we suggest to 
keep it in subsection 
5.1.2 instead of 5.1.1 for 
the economic barrier 

 
 
T&D Europe 

 202 
It is common to have copper in the high -voltage (HV) windings and  

aluminium at a lower current density in the low -voltage (LV) windings . 

Untrue is according to the technology of the manufacturer and the level of 

the losses  

Text adapted 

 
 
T&D Europe 

5.1.2.1  203 Formula 5.3 and 5.4 should be used very carefully and are relevant  only 

for the same technology.  

This statement was 
added 

 
 
T&D Europe 

Table in the 

head of the 

page  

204 

Manufacturers hope to delete this table because this table is established with wrong 
assumptions.  Table was deleted and 

reference to section 
5.1.2.7 (it was indeed 
wrong and left there due 
to an administrative 
error) 

 
 
T&D Europe 

Potential 

barriers for 

up - take  

204 

In dry type transformers aluminium has the same coefficient of expansion as cast 
resign, this might be needed for the robustness? Untrue, manufacturers choose resin  
coefficient expansion resin in compliance with the expansion of the copper and 
aluminium 

Adopted; This barrier has 
been deleted. 

 
 
T&D Europe 

5.1.2.2 Use 

of a circular 

limb core 

cross -

204 
Core laminations are built up to form a limb or leg havi ng as near as 

possible circular cross -section 99 in order to obtain optimum use of space 

within the windings and reduce  load losses (Pk) (Figure 5 -2).  Not true other 

shape could leads to better results;  

Has been reformulated to 
ócruciformô. 
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section  

 

5.1.2.2 Use 

of a circular 

limb core 

cross -

section  

204 
In smaller industrial transformers (e.g. isolation/separation/control < 63 

kVA)  

rectangular core cross -sections are used because it i s not considered 

economical for such a small construction to assemble stepped core cross -

sections. :  They use other kind of section because there are no guaranty on 

the no load losses  

Please clarify and specify 
óno guarantyô 

 
 
T&D Europe 

Table 5 -2: 

Filling for 

different 

shapes 

limb core 

cross 

sections  

205 
1-step or rectangular : Untrue the value of the cross section is 63,7% instead 
of 78% Maybe better to change 

the parameter to 
óefficiency to surround a 
surfaceô instead of filling 
(see reference in text)? 
Should be adapted after 
agreement on 
terminology. 

(Lcirc/Lrect = 2phiDc/Dr² 
& phiDc²/4=Dr² .. ?) 

 

 
 
T&D Europe 

 212 
Noise is about 6% higher than similar CGO steel transformers : It is 

important to define what is compared? (which  level of lossesé..). 

European manufacturers have the feeling that the difference of noise is 

much more important probably around 10db between amorphous 

transformers and the better level of losses with standard magnetic steels 

transformers (400KVA)  

Statement added to the 
text. 
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T&D Europe 

Grading 

and 

designation 

of grain -

oriented 

steels  

207 
The most frequently used system that of the American Iron and  

Steel Institute (AISI),  Not true in Eu where the most frequently used 

system is IEC and EN;  

Adapted 

 
 
T&D Europe 

Potential 

barriers for 

up - take  

213 
Technical development are necessary in most of European company to 

fullfill  completely European standard and IEC standard regarding ability to 

withstand  short circuit tests  

Added 

 
 
T&D Europe 

Potential 

barriers for 

up - take  

213 
It seems not possible to be in compliance with European standard and IEC 

standard for rated power above 1MVA  Added 

 
 
T&D Europe 

Potential 

barriers for 

up - take  

213 
Long time reliability for three phase transformers  as demanded by 

European utilities is not demonstrated on European networks.  

  

Added 

 
 
T&D Europe 

Potential 

barriers for 

up - take  

213 
It will be interesting to have the lower possible level of losses with standard 

magnetic steel to have a true comparison between the technology.  See developments noted 
by Thyssens, it is an 
issue of BNAT section. 

 
 
T&D Europe 

Table 5-6: 
Analytic 
model core 
and 
conductor 
material 
mass 
estimation 
(reference is: 

214 
These value could be widely different depending on the manufacturer, the 

technology, the magnetic steels used and the price ratio between  copper 

aluminium and magnetic steel;  

Discussed in the 
stakeholder meeting. 

An enquiry has been 
launched to the 
manufacturers. 
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T&D Europe 

Table 5 -7: 

Scaling 

factors for 

obtaining 

other 

transformer 

data.  

214 
These value could be widely different depending on the manufacturer, the 

technology, the magnetic steels used and the price ratio between  copper 

aluminium and magnetic steel  

Discussed in the 
stakeholder meeting. 

An enquiry has been 
launched to the 
manufacturers. 

 
 
T&D Europe 

Table 5 -8: 

Comparison 

of different 

types of 

transformer 

insulation 

medium  

215 
This table should be reviewed for the following reasons:  
 Only dry type transformer have test defined by standard that prove their fire 
behaviour. In the head of the table it is necessary to indicate class F1. 

Silicon do not have the same fire safety than dry type transformers for the above 
reasons. 

Discussed in the 
stakeholder meeting. 

Table is removed. Text is 
updated. 
Recommendation for 
updated standards is 
added. 

 
 
T&D Europe 

Table 5 -8: 

Comparison 

of different 

types of 

transformer 

insulation 

medium  

215 
In the head of the table it would be useful to indicate K level for natural 

ester (refer to IEC61100).   Discussed in the 
stakeholder meeting. 

Table is removed. Text is 
updated. 
Recommendation for 
updated standards is 
added. 

 
 
T&D Europe 

Table 5-8: 

Comparison 

of different 

types of 

transformer 

insulation 

medium  

215 
In the head of the table it would be useful to indicate K level for Silicon 

(refer to IEC61100).  The behaviour of silicon transformer under fire had 

never been tested under standardis ation condition and pressure in the tank 

could lead to special results.  

Discussed in the 
stakeholder meeting. 

Table is removed. Text is 
updated. 
Recommendation for 
updated standards is 
added. 

 
 

 
218 

Table 5 -9: Analytic model result for a 1000 kVA oil filled  distribution 

transformer (BC 2 in chapter 4) (TBC) . The trend given in this figure are Could be explained by 
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T&D Europe true, but the absolute value  seems to high  the reference and 
particularities of 
manufacturing Indian 
reference 
(www.softbitonline.com)? 
We will consider a lower 
BC value and reference 
to chapter 4 and adapt 
the correction factor in 
the spreadsheet. 

 
 
T&D Europe 

 
 

General point of view of the manufacturer: The results of the study are 

very important for the manufacturers. The choice of the technology will be 

probably done with parameters like load of the transformers, price of the 

transformers, and environmental behaviour of the transformer. It seems 

that it is very important to have a precise study before th e final choice 

between the technologies regarding particularly the price of the different 

technologies.  

Agree: We hope to cope 
by this in a sensitivity 
analysis and incorporate 
more input on the price. 
See enquiry discussion 
at the stakeholder 
meeting. An enquiry has 
been launched to cover 
this problem. 

UBA 5 general In general, the analysis of BAT and BNAT identifies all important aspects. However, 
for the analysis of LLCC and economic impacts on the markets, important information 
on costs and possible cost developments (e.g., decreasing prices for CGO or 
amorphous steel with increased capacities) is missing. 

It should be checked if all possibilities to improve windings and core design have been 
identified. 

See discussion on price 
enquiry at stakeholder 
meeting 

UBA 5.1.2.1  The use of copper is common. As far as we know, for transformer manufacturers, it is 
more important to look at the relation between market prices of copper and aluminium 
than on technical aspects when deciding on using copper or aluminium. 

See also T&D comments 
ïrewording has been 
done. 

Hitachi 
Metals/Metglas 

 198 Rectangular coils around rectangular coils is as close to optimum as round coils 
around cruciform cores in the smaller sizes (<3000 kVA).   

Rewording of section will 
be done in consultation 
with T&D 
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Hitachi 
Metals/Metglas 

 203 Aluminum transformers are optimized for aluminum, copper transformers are 
optimized for copper-they are never the same designs 

A more precise 
rewording has been done 
with T&D input 

Hitachi 
Metals/Metglas 

 209 The diagram is duplicated sometimes without all of the gridlines Administrative error is 
corrected 

Hitachi 
Metals/Metglas 

 212 Decibel numbers are not linear. Indeed has been 
modified to dB(A) taking 
into account T&D 
comments. 

Hitachi 
Metals/Metglas 

 213 

…maximum performance. Therefore the cores will undergo heat treatment at 340-
360°C. The cycle consists in a heat up phase, soak time (1 hour) and cooling phase 
(no forced cooling) that can take up to 5 or 6 hours (according to core size and oven 
load). 

Adapted 

Hitachi 
Metals/Metglas 

 216 

The Base Case used to compare transformers should reference M4 or M3 (world class 
SiFe) and not  M6. The reader could easily 

consult Table 5-3. See 
also Thyssens comments 

Hitachi 
Metals/Metglas 

 217 not sure how this simple of a design routine can be predictable. One would need to 
vary dimensions to get an optimal design.   

Vary a set of dimensions for minimal cost at a given efficiency or minimal total 
evaluated cost using window height, window width, core build, core width, operating 
induction,  or 

window height/window width, current density, core build, core width, operating 
induction.   

Core build and core width are replaced by iron circle in cruciform cores.   

Impedance must be constrained to get a viable design. 

An enquiry to 
manufacturers has been 
launched to get a better 
view on BAT. 
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Hitachi 
Metals/Metglas 
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 I squared R losses are usually over 90% of the load loss in distribution transformers. 
 

Text added 

Hitachi 
Metals/Metglas 

Table 5-5  The values for 1,55 T are wrong (check end of 5.1.2.4 remarks) Please specify .. I 
couldnôt find them? 

Hitachi 
Metals/Metglas 

5.1.2.4  Use of amorphous steel 

Description of technology  
 
Amorphous metal-based transformers (AMT) have been used for more 
than 25 years.  Initial interest in their use in electrical power distribution 
systems stemmed from the first oil shock in the mid-1970s as improved 
energy-efficiency in power distribution systems was increasingly 
needed.   
This trend was maintained until energy costs started decreasing and 
electrical power supply deregulation was adopted in the US in the mid-
1990s.  The major reason for this trend reversal was the higher initial 
cost of the energy-efficient transformers.   
This, however, can be mitigated by lower maintenance costs for the 
energy-efficient devices over their lifetime. (Souk SMM18) and by 
savings in generation costs due to the higher efficiency. 
Amorphous metal atomic structure is random (hence, amorphous) 
unlike regular metals, which are crystalline. Typically, they are made by 
rapidly quenching liquid metal at a very high cooling rate of around one 
million K/s [1]. Due to their random atomic structure, they possess very 
unique properties. Iron-based amorphous metals are easy to magnetize, 
but because of their noncrystalline atomic structure, their physical 
characteristics are more like glass then metal. Typical chemical 
composition may be found in the Metglas® Material Safety Data Sheet 
of their 2605 SA1 Iron Based Alloy. 
 

We will further check 
which more technical 
detail could be included 
in the text. (see blue) 

Please note that market 
data on AMT is included 
in chapter 2 and will not 
be repeated here. 
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Several properties of amorphous metal presented a challenge to the 
designer of distribution transformers unfamiliar with this material. The 
material is very thin, approximately 0.025mm (1 mil), almost 1/10th the 
thickness of conventional silicon iron material used to make cores in 
present-day transformers. It also is very hard, having a Vicker‟s 
hardness of about 1000, some four to five times harder than silicon iron. 
Traditional cutting/punching tools, even with carbide tips, would wear 
out in a very short period. The material also is very (mechanical) stress 
sensitive and requires annealing under a magnetic field to achieve 
optimum performance. It has 20% lower magnetic saturation, resulting 
in increased core and, hence, transformer size.  
These were some of the engineering challenges in making transformers 
out of this material. Despite all these problems, the potential benefit of 
amorphous core transformers made the effort to develop them 
worthwhile [1]. (Epri) 
Production Differences to stacked core 
 
In Europe, distribution transformers use “stack core” construction where 
the core is formed by stacking laminations of steel. The AMT 
construction requires a wound construction and thus the two 
manufacturing processes differ in the following points: 
 
- core construction  
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Amorphous 3 leg core under construction  Stacked 
core under construction 
 

The „wound core‟ technology in case of the amorphous material needs 
field anneal in order to come to maximum performance. Therefore the 
cores will undergo heat treatment at 340-360°C. The cycle consists in a 
heat up phase, soak time (1 hour) and cooling phase (no forced cooling) 
that can take up to 5 or 6 hours (according to core size and oven load).  
This will typically be followed by epoxying the top and bottom side for 
mechanical protection during handling. Once passed these two 
production steps particular to the amorphous material, the core is ready 
for assembly. 
 
- coil geometry  
„Wound core‟ technology uses one width/core. This results in a 
rectangular cross section of the core. In order to assemble the active 
part, rectangular shaped coils have to be used. The main difference 
between oval shaped and rectangular coils are the forces during short 
circuit testing.  
However the unbalanced axial forces which can be nearly eliminated by 
using a sheet wound low voltage coil.  Use of sheet wound LV coils in 
large rectangular coil transformers is almost universal.  The low voltage 
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coil then balances its current distribution to match the high voltage coil 
current distribution eliminating most of the axial force. 
- core/coil assembly  
Core-coil assembly is different in that the whole core is moved into the 
coil window(s) at one time.  The core is opened up, pushed into the coil 
windows using sleeves that keep the laminations from getting caught on 
the inside of the coil window.  The cores are stress sensitive-they need 
to hang off of the coils rather than having the coils hang off of the core. 
It is preferable to have the core joints at the bottom in a finished unit. 
The joint design particular to amorphous cores- there is one step more 
overlap than in a silicon iron core. 
 
- design requirements  
Special design requirements for amorphous cores apply. 
For the two typical design types shown below please take into account:  
Amorphous ribbon  is available in widths of 142, 170 and 213.3 mm, 
multiple widths can be stacked side by side. 
 
A design induction of 1.35T allows 110% overvoltage without saturation. 
At 85C core temperature (hotter than cores get in normal operation), 
110% overvoltage is 7 VA/kg.  The core space factor should be 84%.  
The core material density is 7,200 kg/m3. The cores should be 
supported from the coils.   
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Global activities & Capacities 
 
After several years of use in the United States, other countries became 
interested and adopted AMT. The following section describes current 
AMT activities in different countries.  
 
Japan:  
Currently, there are at least four Japanese manufacturers offering AMTs 
commercially. It is estimated that Japan has over several hundred 
thousand units installed in the field and operating satisfactorily for over 
18 years.(epri). 
Hitachi Metals, the parent company of Metglas, has an amorphous 
metal manufacturing facility in Japan. 
 
India:  
Currently India has the largest installed base, surpassing the United 
States. There are currently three manufacturers of AMTs in India while 
others have already invested in AMT equipment and will begin 
production in 2010. 
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China:  
There are two amorphous metal (AM) core manufacturers who supply 
cores to transformer manufacturers. There are now many (15+) 
manufacturers of AMTs in China.  
 
Taiwan:  
Taiwan Power is now a significant user of AMTs. There is an AM core 
manufacturer in Taiwan with a subsidiary in China since 2005, and three 
manufacturers of transformers are AMT suppliers. 
 
Bangladesh: 
There is one (1) manufacturer of AMTs in Bangladesh. 
 

Other Asian Countries:  
KEPCO in Korea and Meralco in the Philippines are now significant 
users of AMTs. Australia and Thailand have initiated adoption and are 
now purchasing small quantities of AMTs.  
 

South America:  
An Indian AMT company has started manufacturing AMTs in Brazil. In 
response to this market entry, an AM core manufacturer has emerged, 
supported by five (5) transformer manufacturers. These five (5) 
transformer manufacturers will source AM cores from this core 
manufacturer and produce AMTs.  
 

North America:  
The US Department of Energy (DoE) had passed a minimum 
performance efficiency standard (MEPS) that came into affect January 
2010 and requires some of the highest mandatory efficiencies in the 
world.  
Several Canadian utilities have started evaluating this product and 
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Mexican utilities, primarily CFE, have converted a significant portion of 
the demand to AMT‟s . One AM core manufacturer and one AMT 
manufacturer has emerged or is emerging in Canada and Mexico has 
one (1) AMT manufacturer .Metglas®, subsidiary of Hitachi Metals has a 
manufacturing facility in South Carolina 

Europe:  
In Europe, distribution transformers use “stack core” construction where 
the core is formed by stacking laminations of steel. This manufacturing 
process doesn‟t lend itself to adopting AMTs because they require a 
“wound” construction. Thus, adoption of AMTs in Europe is somewhat 
slow. 
In addition, unlike many countries around the world, Europe has no 
mandatory standard on energy efficiency of distribution transformers. 
The two main documents which describe losses in transformers are: the 
European Standard EN 50464-1, which has superseded the harmonised 
document HD428 for oil cooled transformers, and the harmonised 
document HD538 for dry type transformers, which is still valid (or their 
various country equivalents, e.g., DIN, etc.). 
Data from these norms is given in the Annex. 
 
Despite the fact that there are no mandatory standards in Europe, there 
are some procurement procedures (internal standards of electricity 
distribution companies) which are highly demanding in Benelux, 
Germany, Austria, Switzerland and Scandinavia. Most of the electricity 
distribution companies in these countries buy transformers at AoBk 
(50464 standards).  
 
ENDESA in Spain purchases HD 428 CC‟ for 400 kVA units. EdF has 
introduced a certain purchasing policy which specifies no load losses 
between Co and Eo and load losses between Dk and Bk. The mix of 
losses is focused on low no-load losses for small ratings and low load 
losses for higher ratings.  
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Also tolerance of losses has changed recently. More often utilities 
reduce the tolerance of losses to, e.g., 0% instead of 15%. Seedt guide 
However, several utilities have evaluated AMTs, and now ENEL in Italy 
and ENDESA in Spain have stepped up AMT purchases. 
 
Worldwide market share of AMTs is quite significant with about 3 million 
single phase units and a few hundred thousand three phase units. It 
represents about 5% market share worldwide. 
 

Hitachi Metals/Metglas® is the worldwide biggest promoter of 
amorphous technology in distribution transformers, their capacity of 
amorphous ribbon was at the level of 50 000 tons/year in 2007 and 100 
000 tons in 2010. Further similar capacity expansions are under 
evaluation. 
 
The 2010 yearly Hitachi Metals/Metglas® capacity exceeds 140.000 
units of 400 kVA three phase transformers at Ao/2- Bk classification (EN 
50464 Standard), which is equivalent of the European distribution 
transformers yearly market. 
 
Besides the top company, there are several companies which can 
manufacture amorphous materials in China.. Advanced Technology & 
Materials Co.,Ltd is listed on the Shenzhen Stock Exchange. It is 
planning a drastic increase in capital expenditure. (nomura) 
Lately it has been announced in the Chinese press that this 
manufacturer will have a 40.000 to capacity set up by the end of 2010. 
 
Amorphous transformers have not yet found their way into the European 
market. In 1997 about 161 amorphous transformers were installed in 
Europe. Recent analysis of these transformers in Belgium showed that 
there was not any core performance degradation after more than a 
decade. More recently, as already mentioned in chapter 2, the energy 
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company ENDESA (Spain) started a pilot project with 20 units of 
amorphous core transformers (400 kVA). Other major European utilities 
are following this example. 
 
Outlook 
The situation described above has been changed considerably for the 
following three reasons: first is the recent energy cost increase and 
unreliable/unpredictable fossil fuel supply; second is the cost increase of 
raw materials for transformer cores and conductors.  Especially noted is 
the recent price increase of conventional 
 
transformer-core metals which historically have cost less than 
amorphous alloys.  Third, the saturation magnetic inductions of Fe-
based amorphous alloys have been increased, resulting in reduced 
transformer sizes requiring less material.  In spite of the increased flux 
density in the core, core loss has decreased and transformer noise has 
been considerably reduced [1].   
These factors have recently resulted in amorphous metal-based 
transformers which are cost competitive with the conventional 
transformers.  Souk smm1 
Technically important magnetic properties of the newly developed 
amorphous Fe-based alloy, Metglas® 2605HB1, are depicted in Fig. 1 in 
comparison with those of a commercially available Metglas® 2605SA1 
material and commercial M2 grade silicon steel.  M2 grade material was 
chosen as it is one of the most advanced silicon steels.  The 
representative points such as  

B(80 A/m), remanence Br and coercivity Hc are listed in Table I below 

 



Stakeholder comments 

 
Finished Core Test Values at 25 C (About Twice Single Strip 
Values)- 50 Hz 
 
1115 Potential barriers for up-take 
 

In the past AMT‟s were considered to be larger than traditional transformers, however, 
at higher efficiencies now be demanded around the world, this historic size differential 
has been greatly reduced or eliminated altogether.  At higher efficiency levels such as 
in the US, first costs of AMT‟s can easily be below those of traditional transformers.  
Audible noise is an issue that must be managed with AMT‟s, however, the greated 
potential efficiencies and lowerlower greenhouse gas emissions that come with it may 
offset any slight increase in audible noise. 
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Physical/Technical HB1 SA1 Silicon Steel

Weight (ratio) 1.17 1.23 1

Footprint (ratio) 1 1.11 1

No Load Loss (W) 215 215 665

Total Loss (W)* 1207 1207 1353

Audible Noise (dB) 55 58 53
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CLASP  
 

 
Summary  
 

 
198-
199  

 
While all parts of the EuP study are important, CLASP feels that the Technical 
Analysis is among the most critical parts, as it provides input for the identification of 
the improvement potential and policy options considered in Chapters 6 and 7.  
CLASP reviewed the bulleted list of improvement options at the bottom of page 198 
and the top of 199 and has the following suggested things to add:  
1. Please add “Transformer design variability” to the list, representing an improvement 
option centred around the adjustment and optimisation of core dimensions, magnetic 
flux, volts/turn, current density, impedance, etc. Modifications to a transformer design 
can be made without changing the core steel type or winding type – and yet can result 
in significant improvements in efficiency. This type of design trade-off is generally done 
today by computer software programmes, which model the operation of the 
transformer and adjust the dimensions and other variables to create a new, unique 
design specific to the customer‟s requirements, while taking into account current 
material prices.  
2. Coatings between the laminations of conventional silicon steel. Most electrical 
steels are supplied with glass-type insulation coatings. Certain manufacturers have 
developed new coating technologies which can enhance the efficiency and 
performance of the electrical steels. AK Steel, for example, has introduced Carlite 3 
insulation which provides a beneficial tensile stress that contributes to better magnetic 
properties and decreased stress sensitivity of the material. (see p.4 of the following 
PDF: http://www.aksteel.com/pdf/markets_products/electrical/Oriented_Bulletin.pdf)  

3. Core construction techniques ï fully-mitred, 7 step-lap core construction and wound-
core construction. In essence, core designs (like the cruciform core you already have in 
your list) that improve the magnetic pathway in the steel and minimise air gaps or flux 
travelling against the grain of the oriented steel.  

1. title added 

2. Thanks for informing 
us, will be updated and 
add details added to 
section 5.1.1.2 

3. title added 

 
CLASP  
 

 
5.1.1.1  
 

 
199  
 

 
In the discussion of wire, there is one additional technology option which is not 
discussed. Rectangular wires and foils have the best „copper filling‟ per unit area in the 
core window, particularly when compared to round wire – however, some 
manufacturers have used “flattened” or “smashed” wire, which involves pulling a spool 
of round wire through two roller-compressors while winding the transformer on a lathe. 
This creates a wire that is flat on the top and bottom and round on the sides, and 
results in a better space factor than round wire (although still not as good as 
rectangular wire or foil).  

Thanks for informing us, 
updated 
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CLASP  
 

 
Chapter 5  
 

  
Throughout this chapter, the word “resin” has been changed to “resign”. Both are 
words, but they have very different meanings. We suggest a global search and replace 
to make sure to change the word “resign” throughout this chapter (and potentially 
elsewhere in the document) to be “resin”.  

 

Adapted 

 
CLASP  
 

 
5.1.1.5  
 

 
202  
 

 
A statement is made at the top of this page that the most efficient steel grade will not 
allow the transformer core/coil assembly to be annealed after assembly because it 
would eliminate the beneficial properties of the laser scribing. This statement is true of 
laser scribed material (see page 4 of the AK Steel brochure mentioned above – 
“Stress-relief annealing will nullify the beneficial effects of laser scribing domain 
refinement.”), but it is not true of a mechanically-scribed electrical steel. The US DOE 
conducted analysis of a core steel manufactured by Nippon Steel called “Orientcore 
HI-B-PM” (called ZDMH by DOE). This steel can withstand stress-relief annealing (up 
to approximately 800°C in a non-oxidising atmosphere). A note about this steel should 
be added to this section. See detail in this Nippon Steel brochure: 
http://www.nsc.co.jp/en/product/sheet/pdf/DE304.pdf  

Indeed. See also 
Thyssens comments. 
Updated. 

 
CLASP  
 

 
5.1.2.1  
 

 
204  
 

 
At the top of this page, a table is provided which summarises some of the design 
options for improving efficiency and the associated impact on no-load losses, load 
losses and cost. This table is adapted from the DOE publication of the same table in 
2007, however it is unclear why several items that were in the table have been 
removed in this draft. The full table is provided here, and CLASP recommends that the 
table on page 204 be revised to include the complete list of measures that improve 
transformer efficiency.  
Also, there is no discussion before or after the table which helps the reader interpret 
what is being presented. The acronym “CSA” is used in the table, which if left 
undefined could be confusing (CSA = Cross Sectional Area, not Canadian Standards 
Association).  

[Editorial note: the table on p.204 doesnôt have a caption ñTable X.Xé..ò] 

 

 

 

 

This table is removed 
and did indeed not 
belong here. 

The Table you suggest 
will be included in the 
more relevant section 
5.1.2.7 
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The following is a more detailed list of design options that were considered by the US 
Department of Energy in its analysis of distribution transformers. Several of these 
design options are already under review by the EuP Analytical Team, however we 
provide the complete list in the event that there are others below that are new. If you 
require further detail on any of these options, please do not hesitate to contact CLASP. 
  
Conductor Materials – Aluminium, Copper and Alloys  
 
Core Materials – Cold Rolled High Silicon Steel; Cold Rolled High Silicon Steel 
Domain Refined; Amorphous Material in Wound Core  
 
Design Dimensions – Flux Density; Current Density; Volts/Turn; Voltage Spacings, 
Frame/Coil Dimensions; Shape, Cooling Channels – Number and Location; Insulating 
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Materials and Core Type  

(Shell or Core Form, either Stacked or Wound)  
 
Construction Techniques – Core Cutting, Core Stacking, Core Lapping or Butting of 
Joints; Coil Winding, LV-HV.  

 
CLASP  
 

 
5.1.2.2  
 

 
205  
 

 
Table 5-2 misspells the word “cicular” twice. It should read “circular”.  Should be adapted also 

taken other comments 
into accoutn 

 
CLASP  
 

 
5.1.2.2  
 

 
205  
 

 
In the section labelled “Potential barriers for up-take”, in the context of a discussion on 
cruciform core construction, the first item listed indicates that the “price to cut and 
handle many widths of strips might be a barrier for silicon steel transformers.” The 
implication from this description is that this assembly process is done by hand, 
however this is not the case.  
Rather, there is a machine manufactured by a Germany company called “Georg” 
which completely automates the processing of core steel from a coil into a stacked, 
circular (or oval), mitred corner core. For more information, visit their homepage for 
transformers: http://www.georg.com/e/trafo/index.php These are expensive machines 
and are used by all the major transformer manufacturers. The Georg machine is very 
precise, managing all the different dimensions - widths, lengths, and angles – which it 
then stacks to build cores that look like this:  
 

 

Thus, the ñprice to cut and handleò the different widths should not be seen as a barrier, 
this is actually a highly-automated process for manufacturers across Europe.  

Thanks for informing us, 
updated 
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CLASP  
 

 
5.1.2.3  
 

 
205-
206  
 

 
Steel and windings are indeed the main two considerations for improving efficiency, 
however the insulating film between the core steel laminations can also improve 
overall core performance. AK Steel has developed and marketed a product called 
Carlite 3 and/or other insulating films between the steel laminations. (see p.4 of the 
following PDF for information on AK Steel‟s product:  
http://www.aksteel.com/pdf/markets_products/electrical/Oriented_Bulletin.pdf)  
 
Consider adding mention of Nippon Steel‟s mechanically scribed, deep domain refined 
steel Orientcore HI-B-PM (called ZDMH by DOE). Unlike the laser-scribed steel, the 
mechanically scribed steel can withstand stress-relief annealing (up to approximately 
800°C in a non-oxidising atmosphere). Thus, ZDMH can be used in a wound-core 
configuration and retain the low watts/kilogram benefits after being annealed. It would 
be advantageous to add a note about Orientcore HI-B-PM (ZDMH) steel to this 
section. For more information, please see detail in this Nippon Steel brochure: 
http://www.nsc.co.jp/en/product/sheet/pdf/DE304.pdf  

Thanks for informing us, 
updated 

 
CLASP  
 

 
5.1.2.3  
 

 
208  
 

 
Table 5-3 provides a list of core steels that are available and considered in this 
analysis. It is suggested that a new row be added to this table for mechanically scribed 
steel, which will survive the annealing process:  
ZDMH 0.27mm 0.92 W/kg at 1.7T, 50Hz  
ZDMH 0.23mm 0.85 W/kg at 1.7T, 50Hz  
 

Added. 

 
CLASP  
 

 
5.1.2.7  
 

 
216 
 

 
This section indicates that the analysts are considering working with a transformer 
design company which uses its own software to develop a cost-efficiency curve that 
can support the analysis in subsequent chapters of this study. As discussed in our 
comments on section 2.2.6.2 (p.107) above, CLASP supports this approach, and 
believes it will yield excellent results because the software modelling exercise can take 
advantage of many design options and efficiency improvements that may not be 
common in the market today and may be difficult to quantify or estimate for this study. 
By creating new designs and extracting calculated bills of material and electrical 
performance, a relationship between cost and efficiency can be developed.  
As discussed in our comments above, CLASP is aware of at least one company – 
Optimized Program Service – who is capable of designing six out of the seven base 
case transformers identified in this analysis (they design up to 2500 kVA, liquid-filled or 
dry-type). Please visit their website at: http://www.opsprograms.com/ 
 

The analytic model is 
public available and will 
be aligned with real 
manufacturing data 
obtained by an enquiry. 

The preference is to use 
public available design 
data (which was not 
disclosed in the DOE 
study upon our 
knowledge). European 
manufacturers have 
there own design 
software, hence 

http://www.opsprograms.com/
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undisclosed design from 
one single consultancy 
service might not be 
representative. 

BTW: 

Available software and 
support is also available 
at www.rale.ch or 
www.softbitonline.com 

(So they should be invited 
as well).  

 

 
CLASP  
 

 
Chapter 5  
 

 
 

 
Much of this chapter – particularly the second half – is incomplete, and simply 
presents tables, has headings with no text, or has statements highlighted in blue or 
yellow asking for comments or stakeholder input. CLASP requests that once the 
chapter is in a more complete condition, that stakeholders will be given a chance to 
review it again before it is finalised.  
 

There is a third 
stakeholder meeting and 
final processing later in 
the project. 

 

TB TCS    I don‟t disagree with the views expressed on the desire to adopt only round 
winding designs. The consequence is simply put as a cost increase in the 
transformer. However, many manufacturers do not manufacture round windings 
for many reasons and they do not have the technology to manufacture round 
windings. Therefore a requirement to move to specific configurations may have the 
effect to drive some smaller manufacturers out of the market.  

 

Noted 

 
EURELECTRIC 

 

 
 
199 

 
Hexaform trafo mentioned for the first time yet amorphous mentioned in much more 
detail and much earlier. This requires rebalancing as it would appear that Hexaform 3 
phase trafos are mor e competitive than amorphous core in the range 33-200kVA, and 
should be featured more prominently earlier. 
 

The Base Case in chapter 
4 was 400 kVA, hence it 
is difficult to take it on 
board for the analysis. 

Note: text is added. 

http://www.rale.ch/
http://www.softbitonline.com/
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Stakeholder identification: 
 

TB TCS Transformer Consultancy Services 

EURELECTRIC EURELECTRIC 

CLASP Collaborative Labeling and Appliance Standards Program 

Dansh Energy Agency/AFHH/EJ Dansh Energy Agency/AFHH/EJ 

PCPM / ECI European Copper Institute (Poland) 

DKI / ECI European Copper Institute (Germany) 

UBA Federal Environment Agency, Germany 

Hitachi Metals/Metglas Hitachi Metals/Metglas 

ThyssenKrupp Electrical Steel (TKES) ThyssenKrupp Electrical Steel GmbH 

T&D Europe The European Association of the Electricity Transmission and Distribution Equipment and Services Industry 

 
 


