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O INTRODUCTION

VITO and BIO IS are performing the preparatory gtdior the new upcoming eco-design
directive for Energy Using Products (EuP) relateghdower and distribution transformers, on
behalf of the European Commission (more info
http://ec.europa.eu/enterprise/eco_design/indektrah.

The EuP Directive (2005/32/EC) provides coherent-vidtde rules for eco-design. The
Directive does not introduce directly binding regunents, but defines conditions and criteria
for setting requirements regarding environmentadlgvant product characteristics and allows
them to be improved quickly and efficiently. Prottuthat comply with these requirements
may have the CE mark attached, those that do moplyocould ultimately be prohibited from
being traded within the EC. It contributes to sumthle development by increasing energy
efficiency and the level of protection of the eoviment, taking into account the whole life
cycle cost.

The MEEUP methodology (Methodology for the Eco-dasof Energy Using Products)
allows the evaluation of whether and to which ektemious energy-using products fulfil the
criteria established by the EuP Directive for whichplementing measures might be
considered. The MEEUP model translates productifsp@dormation, covering all stages of
the life of the product, into environmental impacts

The preparatory phase of this study is to colletador input in the MEEUP model.
Background colour code is in the draft report:

Requires special attention from stakeholders
Attention because update or verification is needed
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1 DEFINITION

Scope The objective of this task is to discuss defomtiand scope (from a functional,
technical, economic and environmental point of yiéw the eco-design preparatory study for
the ENTR Lot 2 and to define the product categony thhe system boundaries of the ‘playing
field'. It consists of the categorisation of dibtition and power transformers according to
Prodcom categories (used in Eurostat) and to attieemes (e.g. EN standards), description
of relevant definitions and of the overlaps witle tArodcom classification categories, scope
definition, and identification of key parameters fine selection of relevant products to
perform detailed analysis and assessment duringhéle steps of the study. Discussion of
products definition and scope issues also inclagteanalysis of product-system interactions
in relation to the products’ environmental impaatsl potential improvements.
Further, harmonised test standards and additioeeliosspecific procedures for product-
testing will be identified and discussed, covetimg test protocols for:

e Primary and secondary functional performance pat@méFunctional Unit)

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

e Safety (electricity, EMC, stability of the produetc.)

e Other product specific test procedures.

Finally, this task will identify existing legislams, voluntary agreements, and labelling
initiatives at the EU level, in the Member Statas] in the countries outside the EU.

This task will also classify Lot 2 equipment infgpaopriate product groups while providing a
first screening of the volume of sales and stockjirenmental impacts and improvement
potential for these products.

Summary of Task 1

Transformers were defined for use in the electti@alsmission and distribution systems.
These transformers can be segmented accordingplicatpn. They can be installed by
Transmission System Operators (TSO), Distributigst&n Operators (DSO) or alternatively
by the industrial or the tertiary sector end uderniselves. Distribution Transformers are
installed by a DSO or end user and provide mosnofonnection to the Low Voltage (LV)
distribution grid (230/400 VAC). These transformerglude those used for connecting
Distributed Energy Resources (DER) such as winbies. Transformers installed by a TSO
are also referred as Power Transformers, they sed in the Medium Voltage (MV) and/or
High Voltage (HV) grid. Another category of smalledustrial transformers are Isolation
(Separation) Transformers or Safe Extra Low Vol€&8fELV) (control) external power supply
transformers (e.g. 24 VAC). These transformers ldllsubjected to a first screening in this
chapter but more market data is needed. Apart fpplication transformers can be further
segmented according to technology or functionatiég Figure 1-1.

Transformers are rated in kVA or apparent poweg, rdmge per application is included in
Figure 1-1. Other performance specification paransesre also described in this chapter. The
most important efficiency parameters are no-load laad losses. For oil filled distribution
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transformers a European standards (EN 50464-1)idesl efficiency classes or ‘labels’ for
load losses (Dk, Ck, Bk, Ak) and no-load losses, (©o, Bo, A0). For dry transformers there
is a harmonised document (HD538) with maximum rasloand load losses. Power
transformers (> 5 MVA) used in transmission arecefht for many decades (>99,8 %) and
there is no improvement potential reported so Tdris tasks also identified some other

relevant ecodesign or environmental parameters tfansformers they are: noise,
electromagnetic fields and hazardous substandefdl{iog).
Technology or functionality
W
[ 3 -
) s |8 IS Y
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> = lc]| 25 8|ls|lsled=
= | z2l8l23|S|1SEYS|c|sELS
°l1el®l2|E8|l8l2kg2|2|2Rq%
2l > B Yuw S|l=2wm =
> I REYgn|lOo]l<|
- T|a > = <
Name Application [~ > >
— [
MV/LV Distribution transformer Distribution by DSO 99,99%] 0,01% 100% 90%| 10% <50
line voltage restorers Distribution by DSO 100% 100% XX
DER LV/MV transformers Connecting DER by producer 20%| 80% 100% 80%]| 20%|90%| 0%
Industry MV/LV oil transformer Distribution by non DSO (industry, .. 50% 100% 85%| 15%
Industry MV/LV dry transformer Distribution by non DSO (industry, .. 50% 100% 15%| 85%)|95%
Power transfomer Power by TSO (DSO) 100% 0% 99% XX
Phase Power by TSO (DSO) 100% 0% 1% XX
Seperation/isolation transformer _|Distribution by non DSO (industry, .. 100% XX XX
Control transformer Distribution by non DSO (industry, .. 100% XX__[xx
Safety transformers Industry application 100% XX XX
speciality transformers Industry application ?2? ?2? 2? ?2? 2?2 1?2 [?? |??

Figure 1-1 Summary table of transmission and distribution transformers

1.1 General context and scope

The overall context of this preparatory study ie #lectricity transmission and distribution
(T&D) system (see Figure 1-2 and Figure 1-3). Ie #iternating current (AC) electrical

supply system that is used in all countries forpdppo consumers, the transformer is an
indispensable component.

The generated electricity goes through variousstamations; e.g. stepping up the voltage in
order to transmit over large distances and varleusls of stepping down the voltage to its
final end-user (domestic, commercial, or industiigle). Transformers convert electrical
energy from one voltage level to another. Theyaaressential part of the electricity network.
After generation in power stations, electrical gyareeds to be transported to the areas where
it is consumed. This transport is more efficienthagher voltage, which is why power
generated at 10 - 30 kV is converted by transfosnép typical voltages of 220 kV up to 400
kV, or even higher. Since the majority of electricetallations operate at lower voltages, the
high voltage needs to be converted back closeda@dtint of use. The main reasons to step
down voltage is to increase the safety for the @s&t and insulation material. The first step
down is transformation to 33 - 150 kV. It is oftdre level at which power is supplied to
major industrial customers. Distribution compartiesn transform power further down to the
consumer mains voltage.
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In this way, electrical energy passes through arame of four transformation stages before
being consumed. A large number of transformersiféérént classes and sizes are needed in
the transmission and distribution network, with alevrange of operating voltages. Large

transformers for high voltages are called powerdf@mers. The last transformation step into
the consumer mains voltage (in Europe 400/230 dpige by the distribution transformer.

F awer plant

Industry s ctor

T oear—

Fistribution transformer L

R e=idential = ector

Figure 1-2: Overall context isthe electricity and transmission distribution (T&D) system

Transformers are installed at the side of genaraéind in transmission and distribution
(T&D).

The total electrical energy use per annum of the2Blis about 2 771.6 TeraWatthours (2005)
[TWh] (1 TWh = 10 kWh). It is further estimated (Leonardo Energy Bfanmers, February
2005, Eurelectric, 2009 that the losses in all EU’s electrical distriloutisystems are about
200 TWh or 7.2% of the total electrical energy aoned. About 30-35% of these losses are
generated in the transformers in the distributigstesns, meaning between 60 TWh and 70
TWh, or between 2.4% and 2.8% of total electricaérgy consumed (Leonardo Energy
Transformers, February 2095

! Leonardo Energy Transformers, ‘Potential for glokeaergy savings from high efficiency distribution
transformers’, February 2005
2 Eurelectric, Statistics and prospects for the Beam lectricity sector, December 2006
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Transformers can be installed by Transmission Sy$dperators (TSO), Distribution System
Operators (DSO) or alternatively by the industaalthe tertiary sector end user themselves.
DSO are also called Utilities and they often dmites other commodities such as gas and
water. The transmission system is typically operaehigher voltages while the distribution
system at lower voltages as schematically repredent Figure 1-3. Industry also frequently
uses smaller transformers for isolated electricalsgor 24 VAC power supply for automation
equipment.

380kV
220kV
*—o 110kV

—
—

L
T . "
 ———_ ransmission grids
— Transmission System Operator(TSO)
Distribution networks
— Distribution System Operator(DSO)
]
o]
[ oav |

@D = transformer symbol

Figure 1-3 Schematic diagram of the electrical Transmission and Distribution (T&D) system

Modern distribution transformers are typically ab88-99% efficient at half load (SEEDT,
2008). This might suggest a low improvement potent@limprove their environmental
performance. However, due to the very large nurobé&ansformers in use in the distribution
systems, the total impact of small improvementddaqguovide a significant contribution to
reduce environmental impacts, such as global waymna climate change.

Please note that industry sometimes also instaliieltional transformers in the distrubtion
line for safety, lower voltages or special applimas.

% Strategies for development and diffusion of EneEffjcient Distribution Transformers (SEEDT), Analy of
existing situation of energy efficient transformertechnical and non-technical solutions, 2008)
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1.2 Basic concept of a transformer

A transformer is defined as a static piece of agparwith two or more windings which, by
electromagnetic induction, transforms a systemitefraating voltage and current into another
system of voltage and current usually of differealues and at the same frequency for the
purpose of transmitting electrical power (IEC 60050

The construction of a transformer (Figure 1-4) cdegs two active components: the

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

together are normally referred to as the “active”’pahe passive part of a transformer is the
cooling system, e.g. consisting of a tank and tiieg liquid. A transformer uses the core's
magnetic properties and current in the primary wigdconnected to the source of electricity)

to induce a current in the secondary winding (cetetkto the output or load). Alternating

current in the primary winding induces a magnelix fin the core, which in turn induces a

voltage in the secondary winding. A voltage stepudlaesults from the exchange of voltage
for current, and its magnitude is determined byr#i® of turns in the primary and secondary
windings. A transformer with 50 primary turns andef secondary turns would step the

voltage down by a factor of 10, for example fron®Q®olts to 100 volts. The transformer in

Figure 1-4 is an example of a typical distributtoansformer in the next sections a broader
range of transformers will be covered.

Figure 1-4 Exploded view of a distribution transformer

1.3 Identification of the main ecodesign parameters for energy
losses and other environemtal impacts

This study will focus on the whole environmentapimst assessment of transformers based on
ecodesign parameters.

10
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ANNEX | of the ecodesign Directive 2005/32/EC ddses these relevant ecodesign
parameters.

For each phase of the life cycle of transformirs following environmental aspects are to be
assessed where relevant:

(a) predicted consumption of materials, of energy af other resources such as fresh water;
(b) anticipated emissions to air, water or soil;

(c) anticipated pollution through physical effectsich as noise, vibration, radiation,
electromagnetic fields;

(d) expected generation of waste material;

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

Note: It is quite common to have Minimum Energy fBenance Standards for these
transformers globally, see also section 1.8.

Hence, the most prominent focus when analysingetheronmental impact of Energy using
Products (EuPs) was currently on the use phaseeapdyy use, for transformers being
electricity use.

A Life Cycle Assessment (LCA) method will be useaséd on the MEEuUP Methodology
report (see project website) which is commonly ptee for these studies.
The MEEuUP methodology report summarises environahéntpact into 14 environmental
indicators (and 2 auxiliary parameters). These renmental indicators arEnergy, Water
(process & cooling), Waste (hazardous & non-hazardous), Global Warming Potential (GWP),
Acidification Potential (AP), Volatile Organic Compounds (VOC), Persistent Organic
Pollutants (POP), Heavy Metals (to air & to water) carcinogenic Policyclic Aromatic
Hydrocarbons (PAH), Particulate Matter (PM) and the Eutrophication Potential of certain
emissions to water (EP).
Other environmental parameters are treated on &oatasis or derived from one or more of
the indicators that are quantified.
In line with ANNEX 1 thead hoc environmental parameters identified for transformers are:
1. Noise
Transformers can produce a 50 Hz humming noisehwinight cause nuisance or discomfort,
e.g. when installed in the basement of an apartingiding.
Please note that transformer noise is regulatsthimdards
2. Electromagnetic fields (EMF)
Transformers produce extremely low frequency (Bifields of 50 Hz.
3. Use of hazardous materialsin transformers
Some transformers contain hazardous materials ateey
e Some products in operation may still comprise pdlygnated biphenyls oPCBs,
however it is not allowed anymore in new transfalsne
o Oil filled distribution transformers mostly contafgnthetic transformer oil if released
into the environment in the case of a fault, pelfuthe ground and will possibly
jeopardise the ground water. In this case Biodedpdinsulating/coolant liquid may

4 http://www.who.int/peh-emf/about/WhatisEMF/en/

11
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be used that is biodegradable and not water poliwdad furthermore has a much
higher flash point than the mineral oils traditibpased.

e Some power transformers uSdphur hexafluoride (S-6) gas and they are sometimes
referred to as a gas-insulated (GIS) transforntecolld be an environmental issue
because its strong impact on global warming (1 $28.600 CO2).

All above aspects will be discussed in detailshie mext tasks, especially Tasks 3 and 4. The
environmental assessment carried out in Task 4 alibw to identify impacts for 13
environmental indicators during the whole life &off transformers.

This Life Cycle Assessment approach would ensuaé dh relevant environmental impacts
will be analysed, and that any tradeoff, when agsgdhe improvement options in task 6, will
be identified.

Stakeholders please report any other environmangealct parameter to be addressed here!

Background info on energy losses in transformers:

Transformer efficiency losses consist of:

¢ No load losses (Po): these losses occur when the secondary circwopén and the
primary one is at its rated voltage (HV). In thaise there is only a small primary
current and joule effect losses are negligible.ldém losses are composed of:

» Hysteresis losses, caused by the frictional movémemagnetic domains in
the core laminations being magnetized and demamgrtkliy alternation of the
magnetic field. These losses depend on the typeatérial used to build a
core. Hysteresis losses are usually responsibleéwe than a half of total no-
load losses (50-70%).

» Eddy current losses, caused by varying magnetasfieducing eddy currents
in the laminations and thus generating heat. Thesses can be reduced by
building the core from thin laminated sheets inmdafrom each other by a
thin varnish layer to reduce eddy currents.

» There are also marginal stray and dielectric lossegch occur in the
transformer core. Stray losses, due to stray meaygrietids, cause eddy
currents in the conductors or in surrounding medbatlectric losses in the
insulating materials - particularly in the oil atfie solid insulation of high
voltage transformers. They account usually for ravarthan 1% of total no-
load losses.

e Load losses (PK): these losses occur when the secondary circsthast-circuited and
the primary is supplied at rated current (S/LV).e$& losses are commonly called
copper losses or short circuit losses. Load loasesomposed of:

= Ohmic heat loss in the transformer windings, somesi referred to as copper
loss or Joule effect losses. The magnitude of thesses increases with the
square of the load current and is proportionah&oresistance of the winding.

= Conductor eddy current losses. Eddy currents amsechby the magnetic
fields of alternating current. They also occurhie windings. Amongst others,
stranded conductors are used to lower the eddgmuioss.

12
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e Auxiliary losses (Paux): These losses are caused by using energy to nimgdans or
pumps which help to cool larger transformers.

Background information on negative health effects of Electric and magnetic fields (EMF)
from power lines and transfor mers (source EPA® (2009):

EMF is commonly associated with power lines. Maepge are concerned about potential
adverse health effects. Much of the research gbower lines and potential health effects is
inconclusive. Despite more than two decades ofarebeto determine whether elevated EMF
exposure, principally to magnetic fields, is rethte an increased risk of childhood leukemia,
there is still no definitive answer. The generalestific consensus is that, thus far, the
evidence available is weak and is not sufficient elstablish a definitive cause-effect
relationship.

In 1998, an expert working group, organized by Mational Institute of Health’s National
Institute of Environmental Health Sciences (NIEH&sessed the health effects of exposure
to extremely low frequency EMF, the type found omntes near power lines. Based on studies
about the incidence of childhood leukemia involvandgarge number of households, NIEHS
found that power line magnetic fields are a possdaluse of cancer. The working group also
concluded that the results of EMF animal, cellutard mechanistic (process) studies do not
confirm or refute the finding of the human studi€ke International Agency for Research on
Cancer (WHO) reached a similar conclusion.

1.4 Methodology of this study

This study will follow a methodology common to ahe EuP preparatory studies:
Methodology for Eco-design of Energy-using Prody8M&EuUP). An overview of the 7 task
structure of the study is presented in the follagvifigure 1-5. The results of each task are
included in chapters with the same numbering. Tl¢hodology used is the same as that
approved by the European Commission for all Eupgmedory studies. For further details on
the methodology, see the MEEuUP final report thatavsilable on the project website
(www.ecotransformer.org).

> http://www.epa.gov/rpdweb01/power-lines.html

13
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Figure 1-5 MEEUP methodology and planning of this study.

1.5 Product definition

This section defines the categories of productsei@l by this study and defines the
performance parameters.

1.5.1 Key methodological issues related to the product definition

The experience from previous EuP preparatory studicates that in order to select a proper
product scope and complementary definition from ¢kesting options (e.g. definitions and
scopes derived from market statistics, technicahddrds, and labelling schemes) it is
necessary to reflect or match the boundaries sfghoduct with the task requirements of the
whole study. This means that the product definiherds to fit:
« Test standards reflecting environmental issuesudie power consumption
measurement procedures (task 1)

« Other performance related standards (task 1)

« Product performance parameters and respectiveidmatunit (task 1)

14
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« Product and technology trends (task 2 and 6)

« Available market data and respective typical maskgimentation (task 2 and 4)
« Use environments and respective typical use patigask 3 and 4)

« Products design characteristics and respectiveiteaparameters (task 4)

« Environmental impact magnitudes and expected ingrents (task 5)

Against this background, the first subtask “proddefinition” is most critical because it
determines to great extent the boundaries of faligwasks and the overall result of the study
— providing eco-design requirements.

Prodcom will be the first basis for defining theguct, since Prodcom allows for precise and
reliable calculation of trade and sales volumetagk 2. If the product definition relevant from

a technical, economic and environmental point eiwdoes not match directly with one or

several Prodcom categories, the study will detailvht is translated into one or several

Prodcom categories (or parts of Prodcom categories)

The above existing categorisations are a startoigt gor defining the product and can be

completed by other relevant definition criteriaclsuas the functionality of the product, its

environmental characteristics and the structuth@®imarket where the product is placed (e.g.
users, distribution channels or supply chain).

In particular, the definition of the product willsa be linked to the assessment of the primary
product performance parameter (the "functional"init

If needed, on the basis of functional performanbkaracteristics and not on the basis of
technology, a further segmentation can be appliadtlee basis of secondary product
performance parameters.

The product definition will also take into accoumhether the product interacts with the
installation/ system in which it operates, whichyrmaply:

- that the possible effects of the product being pha larger system and/ or installation are
identified and evaluated regarding environmentagddaotis and potential for improvement

or

- that the system should be considered as a proohettiding some parts or incorporating
some components, and sub-assemblies as referiedtticle 2 of the Ecodesign Directive.

The suggested product definition will be confirmm®da first screening of the volume of sales
and trade, environmental impact and potentialfgerovement of the product as referred to in
Article 15 of the Ecodesign Directive.

Also information on standards, regulations, volapntgreements and commercial agreements
on EU, MS and "8 country level should be considered when definirgggroduct(s).

1.5.2 Product categories found in PRODCOM

15
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PRODCOM is a system for the collection and dissatiom of statistics on production of
manufactured goods. It is based on a product fileetson called the PRODCOM list. It
originates from the Europrof®rodcon statistics database. For distribution transforniters
is subdivided according to technology and rated ggowower transformers are subdivided
according to their voltage rating.

The PRODCOM classification for transformers is praed in the table below.

Table 1.1: PRODCOM categorisation for transformers

Prodcom Code | Description

31.10.41.30 Liquid dielectric transformers having a power hamgl|
capacity< 650 kVA

31.10.41.53 Liquid dielectric transformers having a power hamgl|
capacity > 650 kVA but 1 600 kVA

31.10.41.55 Liquid dielectric transformers having a power hamgl|
capacity > 1 600 kVA but 10 000 kVA

31.10.41.70 Liquid dielectric transformers having a power hamgl|
capacity > 10 000 kVA

31.10.42.35 Other transformers, nes, power hagadpacity< 1
KVA
31.10.42.55 Other transformers, nes, 1 kVA < pdveerdling

capacity< 16 kVA

31.10.43.30 Transformers, nes, 16 kVA < power handling capagity
< 500 kVA

31.10.43.50 Transformers, nes, power handling capacity > 500
KVA

Remarks:

- .PRODCOM already subdivide the products accordm@ne performance parameter, its
rated power.

- PRODCOM already subdivide the products accordingne technological property, liquid
or non liquid dielectric transformers.

1.5.3 Subcategories according to the rated power

Transformers are rated based on the apparent g&@yeénput to the transformer — including
its own absorption of active and reactive powere (s#so definition in section 1.6).
Subcategories based on rated power were alreadyedeh PRODCOM, see section 1.5.2.

® Europroms is the name given to published Prodcata. dt differs from Prodcom in that it combinesguction
data from Prodcom with import and export data ftbmForeign Trade database.
" Prodcom originates from the French “PRODuction G@Mautaire”

16
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For any new subcategory defined hereafter new minminand maximum rated values will
have to be derived from related product standamtoa market data. Stakeholders please
check minimum and maximum rated power in the catioly Table 1.2.

1.5.4 Subcategories of transformers according to the technology

Transformers can be further subcategorised basednaterial technological properties.
PRODCOM already subdivide the products accordingnt® technological property, liquid or
non liquid dielectric transformers. This subcatggsrrelated to the type of cooling medium.
Using the product bill of materials, further teclowcal subcategories can be defined by the
material used for the coil windings (aluminium, pep or core (silicon steel, amorphous
steel).

Hereafter is a short description of these subcaiegidPlease note that it is not the purpose to
perform a full analysis here in the report nor tdee in the full details of each defined
subcategory (e.g. grain oriented vs non grain tetkrsilicon steel). The detailed technical
analysis of the subcategories will be done in taklkad 5. The stakeholders are invited to
verify that there are no gaps in between the ddfsubcategories here.

Short description of liquid dielectric transformers, also called liquid-immersed transformers
or liquid transformers or oil cooled transformers
Liquid transformers rely on oil or another liquidraulating around the coils for cooling.
Liquid removes heat more effectively than air. Lidy€illed transformers are smaller in size
than dry-type units for the same power rating capamnd have lower losses due to their
better thermal dissipation characteristics. Howeweany liquids used in transformers are
flammable and some older types were toxic. Becanfseotential fire hazard, these
transformers are used in outdoor applications ¢Bsiribution transformers).
The identification of the cooling method for oilated transformers is expressed by a four-
letter code. The first letter expresses the inteswoling medium in contact with the
windings. The second letter identifies the ciraolatmechanism for internal cooling medium.
The third letter expresses the external cooling iomed The fourth letter identifies the
circulation mechanism for external cooling medidrhe following cooling methods exist:

e ONAF: Oil Natural Air Forced

e OFAN: Oil Forced Air Natural

e OFAF: Oil Forced Air Forced

e OFWEF: Oil Forced Water Forces
Other combinations are also possible (e.g. ONAN, ..

Short description of non liquid dielectric transformers

Most common non liquid transformers abgy-type transformers, which use the natural
convection of air for insulation and cooling. Dggpée transformers are divided into different
temperature classes which are related to maximumifted temperature increases of the
transformer windings (e.g. temperature class Hesponds to a max operating temperature of
180°C). Dry-type transformers are more commonlyduseindoor applications, e.g. smaller
industrial transformers.
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In large power transformers (>25 MVA) gas-filledarisformers are also used. It is a
transformer whose magnetic circuit and windingseareélosed with an insulating gas. Sulphur
hexafluoride (SF6) gas is generally used. Suchresstormer is sometimes referred to aps
insulated (GIS) transformer.

1.5.5 Subcategories according to the type of service

Transformers are also classified in categoriesmi#ipg upon the type of service:

MV/LV Distribution transformers installed by DSO refer to any transformer that
takes voltage from a primary distribution circuitda“steps down” or reduces it to a
secondary distribution circuit or a consumer’s g&r\circuit at e.g. 400 VAC or 230
VAC with an input voltage of at least 1.1 kV. Dibtrtion transformers can vary in
size, with the most common ranging from 50 kVA t6 RIVA, with an input voltage
between 1.1 and 36 kV. (EN 50464-1). Distributicensformers are operated by the
DSO (Distribution System Operator) or Utilities. riBetimes these transformers are
also referred altility transformers. Those transformers are three phase transformers.
International standards are developed within IECIAGind CENELEC CLC TC 14..
DER LV/MV connecting transformers are used to connect DER to the distribution
grid, e.g. wind turbines, photovoltaic, fuel cellsThey might be designed with higher
rated power than Distribution transformer (espécidbr wind turbines). Those
transformers might also be optimised for a paréicubad profile and shape for
integration (e.g. wind turbine). International stards are developed within IEC/TC
14 and standard IEC 60076-16 is in progress.

MV/LV distribution tranformers installed by non DSO (industry, ..) are used by
the industry to purchase electricity at high voitgglV) or medium voltage (MV) grid
and step it down for use on site at Low Voltaged(280 VAC). The size of industrial
transformers are higher compared to distributi@angformers. These transformers
connect to the DSO. Also the tertiary sector (euge retailer stores, office buildings,
..) frequently installs these transformer$hey range from 100 kVA until 4 MVA.
Please note that smaller industrial consumersareected to the distribution grid and
transformers. International standards are develeptdn IEC/TC 14 and CENELEC
CLC TC 14. Sometimes these transformers are alsoed adndustry transformers.
LV/LV distribution autotransformers installed by DS O havea secondary voltage
which is higher than the primary voltage. They dam installed adine voltage
restorers in the 230 VAC distribution grid, typical in rurgtids with long distribution
lines and few users. These transformers are seecalutotransformer, it is a
transformer with primary and secondary windingd thea/e a common part. The size
ranges from one single connection (10 kVA) untile tminimum distribution
transformer (50 kVA). Transformers can be singl¢hoee phase. Please note that this
is a very different products group because starsdare developed within IEC/TC 96
and the products are not made by distribution foameer manufacturers. .

Power transformers installed by TSO (DSO)refer to those transformers used
between the generator and the distribution circantd are usually rated at 5 to 500
MVA or even higher, with an input voltage mostlyoak 36kV. They are used in the
MV and/or HV electrical grid. It ranges from therimum size of 2 large distribution
transformers (i.e. 5 MVA) until the largest powdam (about 500 MVA). Power
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transformers are available for step-up operatiomarily used at the generator and
referred to as generator step-up (GSU) transfornmaerd for step-down operation,
mainly used to feed distribution circuits. Powemgformers are operated by the TSO
(Transmission System Operator). International stedwlare developed within IEC/TC
14. Sometimes these transformers are also refeagdlransmission system
transformers.

Phase-shifting power transformers Phase-shifting used in the high voltage grid with
special vector groups to compensate for long trassan line electrical effects (phase
lag) (e.g. those discussed by standard IEC 62032Gaoide for the application,
specification, and testing of phase-shifting transiers’). They have similar size as
power transformers. International standards areeldped within IEC/TC 14.
Sometimes these transformers are also referrédaasmission system transformers.
Converter transformers used in HVDC can be both in the range of power and
distribution transformers as far as rated power raeld voltage are concerned. They
are used with rectifiers to convert AC to DC or BCAC with inverters. Converter
transformers are typical used in High Voltage DG/PC) transmission. They have
similar size as power transformers. They are aigpeategory of power transformers.
International standards are developed within IECIAGIEC 61578-1).

Smaller industrial transformers that do not connect to the DSO:

a. Smaller industrial transformers used in distribution. Please note that
although the technical similarities this is a valijferent products group
because the standards are developed within IECG @ndl these products are
not made by distribution transformer manufacturielsntified categories are:

I. Separating transformer. Is a transformer that has primary and
secondary windings electrically isolated by meahgasic insulation,
so as to limit, in the circuit fed by the secondaipding, the risks in
the event of accidental simultaneous contact watttheand live parts.
Typical size for three phase transformers is frokVA up to 63 kVA.
Please not that this is not common practice instrguand they are only
used in cases of strong safety and availabilityiregnents.

ii. Isolating transformer: Is a separating transformer that has primary and
secondary windings electrically isolated by mearfs double or
reinforced insulation. Frequent applications arehange of earthing
system or a critical load protection in distortgdtems. Typical size for
three phase transformers is from 1 kVA up to 63 k¥Phease not that
this is not common practice in industry and they @mly used in cases
of severe electromagnetic compatibility requirersee.g. also in
medical equipment).

iii. Control transformer: These transformers have at least a basic
isolation between primary and secondary windings e required for
power supplies in machine control circuits (cf. BOI204 — 1), e.qg. for
powering small motors or instrumentation equipmehhe typical
secondary voltage is 24 VAC. Those are most oftegles phase
transformers from 40 VA until 2.5 kVA. Please ndigat these
transformers are nowadays being replaced by eleéctpmwer supplies
as a consequence of using PLC (programmable |lagital) instead of
formerly electromechanic relays in industrial cohtapplications.
Nevertheless those transformers might still belalbbs on the market.
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b. Smaller industrial transformers used with industrial applications:

I. Safety transformeas used to supply safety extra low voltage (SELV)
circuits (safety voltage: 50 V) with an external power supply. Those
are identical to lot 7 and hence should be excluidech the scope.
Those are most often single phase transformers &®lfittle as 0.6 VA.
Please note that these transformers were alreadiedtin the finalized
lot 7 Preparatory Studu on ‘External Power Suppbesl Battery
Charger®

ii. Speciality transformers incorporated in industrial equipment. In
many cases the electrical power is transformedinvithe industrial
equipment simular to many household equipment (T®F, ..). Some
known applications are welding equipment, coronaattment
equipment, DC power supplies, .. Stakeholders &leome to provide
us more information on types of applications, voduand impact and
iImprovement. It should also be assessed if theamgment potential is
at transformer level or within the system or apgdtion.

Please note that although the technical similaritihese smaller industrial
transformers are a very different products grougabee the standards are developed
within IEC/TC 96 and these products are not madedisyribution transformer
manufacturers.

1.5.6 Any other functional subcategories of transformers not defined before

Depending on the wiring transformers can be eithree phase or single phase transformers.
One can discriminatgole andnon pole mount distribution transformers.

Oil filled transformers wittbiodagradable or synthetic oil.

For energy efficiency please consult the sectiostandards.

Stakeholders please check of any other categongesled here (please consider especially
ecodesign parameters).

1.5.7 Proposed scope of this study and first screening of the results.

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

To define transformers with similar characteristiesg. type of technology and
apparent power, in order to be able to derive nmggini conclusions regarding design
options, improvement potential and finally potehpalicy options in later tasks or
chapters.

To define and identify product groups, e.g. typesefvice and application (industry,
household,..), suitable for later legislation, tpeeference is given to product

8 http://www.ecocharger.org/
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boundaries connected to technical performance peeam The definition of product
groups solely on the basis of application withdetc verifiable technical parameters
might create loopholes if the proper incentives imstallation requirements are

missing.

Table 1.2 summarises the previously defined prodategories.

Table 1.3 contains the first screening of the vaurh sales and trade, environmental impact
and potential for improvement of the product ameid to in Article 15 of the Ecodesign
Directive. In this screening the focus for thet fagpact assessment was on electricity related
to the use phase (TWh). Please note that a moedlaetkanalysis will be done in the later
tasks. The market data was mainly those obtair@d frontacting ORGALIME members, a
more detailed analysis on market data is in Tas¥&e details on the improvement options
will be discussed in Tasks 5, the first assessmwastdone based on the best classes included
in related standards (see also the related sdatiims Task report).

Important notice: Discussing the scope is an ingmaritem for the kick-off stakeholder
meeting. For the cells in grey background we seagkntly more data in order to perform the
analysis. Stakeholders are invited to provide inpu

Table 1.2 Summary table on product categories

Technology or functionali
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§ flelegz]|o 28 |s
s|ZI8lsEgs|s|SEHS
_ = | @ S|c| ®sfogl&]|T|C S )
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(@) S|8lel>BE>ls|ls=khkqe
[a N HO) § cSlaol 2 |k 21313 b A 3
“lElskEgulzal=p e
>l 2 Yol |< Z
Name Application T ) > =3
- T
MVI/LV Distribution transformer Distribution by DSO 99,99%| 0,01% 100% 90%| 10% <50
100% 100% XX

line voltage restorers

Distribution by DSO

DER LV/MV transformers

Connecting DER by producer

20%| 80%

100%

80%

20%

90%

Industry MV/LV oil transformer

Distribution by non DSO (industry, ..

50%

100%

85%

15%

Industry MV/LV dry transformer

Distribution by non DSO (industry, ..

50%

100%

15%

85%

95%

Power transfomer

Power by TSO (DSO)

100%

0%

99%

XX

Phase

Power by TSO (DSO)

100%

0%

1%

XX

Seperation/isolation transformer

Distribution by non DSO (industry, ..

100%

XX

XX

Control transformer

Distribution by non DSO (industry, ..

100%

XX

XX

Safety transformers

Industry application

100%

XX

XX

speciality transformers

Industry application

2? 2?

2?

2?2

2?2

2?2

2

22 1?2

21



Energy using Products Analysis Distribution andvi®er transformers

Table 1.3 Table with first impact screening on sales and impact per product category

Name

MVI/LV Distribution transformer
line voltage restorers

DER LV/MV transformers
Industry MV/LV oil transformer
Industry MV/LV dry transformer
Power transfomer

Phase 300000/ 80000
Seperation/isolation transformer
Control transformer

Safety transformers

speciality transformers

1.6 Performance specification parameters

The proposed primary transformer performance pateme‘Transformer rated power’ (S).

Transformer rated power is defined as a conventional value of apparenweppestablishing a
basis for the design of a transformer, the manufacs guarantees and the tests, determining
a value of the rated current that may be carrieth wated voltage applied, under specified
conditions (IEC 60050).

The interpretation of rated power according to EID76-1 (84.1) implies that it is a value of
apparenpower input to the transformer, including its own absorptidractive and reactive
power.

Proposed secondary functional transformer perfoomaparameters related to energy
efficiency and connected the transformer itself:

e No load losses (Po): the active power absorbed when a given voltageasdd
frequency is applied to the terminals of one of tadings, the other winding(s)
being open-circuited (IEC 60076-1)

e Load losses (Pk): the absorbed active power at rated frequency w@fierence
temperature, associated with a pair of windingswfaged current is flowing through
the line terminals of one of the windings, and tieninals of the other winding are
short-circuited. Further windings, if existing, ameen-circuited. (IEC 60076-1)

e Auxiliary losses (Paux): the active power needed for the auxiliary compisi@f the
transformer (e.g. fans, pumps...).

Proposed secondary functional transformer perfoomaparameters related to energy
efficiency and connected the transformer application:

e Load Factor (¢) (=Pavg/S) the ratio of the energy generated bgitduring a given
period of time to the energy it would have genetateit had been running at its
maximum capacity for the operation duration witthat period of time (IEC 60050)

e Load form factor (Kf): the ratio of the root mean squared (rms) Powehéoaverage
Power (=Prms/Pavg)
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Transformer availability factor (AF) determines the availability of the transformer on
a given instant of time (mostly on a yearly basis).

Power factor (PF): the ratio of the active power (kWatt) to the ajgod power (kVA).
K-factor: this is a derating factor for a standard transforosed to supply non-linear
loads, so that the total loss on harmonic load dot¢sexceed the fundamental design
loss of the transformer. For these applicationgcigly constructed or K-rated
transformers should be used (EN 50464-3)

Other relevant performance parameters mainly usefdirictional transformer selection:

Short-circuit impedance (of a pair of windings) IEC 60076-1 : the equivdlseries
impedance (Z=R+jX), in Ohms, at rated frequency eefdrence temperature, across
the terminals of one winding of a pair, when themieals of the other windings, if
existing, are open-circuited. For a three-phasestoemer the impedance is expressed
as phase impedance (equivalent star connectiomd. guantity may be expressed in
relative, dimensionless form, as a fraction z @& thference impedance Zref, of the
same winding of the pair. In percentage notation:
2 =100 * Z/Zes

Where Z.= U2?/Sr

U is the voltage of the winding to which Z angd;Belong
Sr is the reference value of rated power

Rated voltage of the high-voltage winding (Vrms): the rated rms voltage of the high-
voltage winding of the transformer (IEC 60076-1)

Rated voltage of the low-voltage winding (Vrms): the rated rms voltage of the low-
voltage winding of the transformer (IEC 60076-1)

LwA dB (A): Sound power level of the transformer

Vector group: The vector group provides a simple way of indi@athow the internal
connections of a particular transformer are arrdngle vector group is indicated by a
code consisting of two or three letters, followgdoine or two digits. In the IEC vector
group code, each letter stands for one set of wgsliThe HV winding is designated
with a capital letter, followed by medium or lowliage windings designated with a
lowercase letter. The digits following the lettedes indicate the difference in phase
angle between the windings, with HV winding takenaareference. The number is in
units of 30 degrees. For example, a transformedr avitector group of Dyl has a delta-
connected HV winding and a wye-connected LV windihge phase angle of the LV
winding lags the HV by 30 degrees.

Insulation temperature class: The insulation temperature classes determines the
maximum operating temperature of the transformd&C 160085 defines six
temperature classes: A (105°C), E (120°C), B (130R(155°C), H (180°C) and C
(220°C).

Protection class (IP): provides a protection rating for the enclosur¢hef transformer.

It is indicated as IP followed by two digits, thest digit (0...6) represents protection
against ingress of solid objects, the second @it 8) represents protection against
ingress of liquids. (EN 60529).
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e Fire behaviour class. IEC 60076-11 (Dry type transformers) defines ¢hrigre
behaviour classes: FO (transformer suitable fondeised in an environment without
fire risk), F1 (self-extinguishing) and F2 (by meanf special provisions, the
transformer shall be able to operate for a givaretperiod if subject to an external
fire).

e Environmental class: with regard to humidity, condensation and potinfilEC 60076-
11 (Dry type transformers) defines three differem¢éironmental classes: EO (clean and
dry environment); E1 (presence of occasional cosalion and limited pollution); E2
(frequent condensation or heavy pollution or corabon of both).

¢ Climate class: with regard to the minimum ambient temperaturaitch transformers
can be exposed, the following climatic classes @eéned (IEC 60076-11): C1
(transformer suitable for being used with ambiestnperature up to -5°C, the
transformer can be exposed during transport andhgdoto ambient temperatures
down to — 25°C); C2 (transformer suitable for ofierg transport and storage at
ambient temperatures down to -25°C)

Rated values are conventional values, guaranteed by the matwéc under specified
conditions (eg as specified in an IEC/EN standa¥d)ninal values are suitable approximate
values.

The following paragraphs contain a brief explamatoad some background information of the
energy related performance parameters.

1.6.1 Functional unit for transformers

Knowing the functional product used in this stua can now further explain what is called
the “functional unit” for transformers. In standatd040 on life cycle assessment (LCA) the
functional unit is defined as “the quantified penfi@ance of a product system for use as a
reference unit in life cycle assessment study”. phmary purpose of the functional unit in
this study is to provide a calculation referencewtioich environmental impacts (such as
energy use), costs, etc. can be related to, amdlder for comparison between functionally
equal products with and without improvement optioRéease note that further product
segmentations will be introduced in this studyiider to allow appropriate equal comparison.

Different functional units have been used in prasistudies for such transformers:

e Functional unit used for the LCAof Power transformer TrafoStar 63 MVA was 1
MVA of the system apparent power.

e Functional unit used for the LGA of Distribution transformer 16/20 MVA was 1
kVA of the system apparent power.

° Environmental Product Declaration of Power tramsfer TrafoStar 63 MVA,

http://library.abb.com/global/scot/scot292.nsf/txadisplay/4af3f4e6a43df7aec1256d630042c2fc/$FimdBctD
eclarationStarTrafo63.PDF
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e An LCA study of current transforméfsused the functional unit as to deliver 1 kWh
electricity for all material and energy flows aléded to 40 years use of a transformer

There is a link between both system apparent pamer transformed energy using the
transformer load factor (see also Task 3), thesfoamer load factor is connected to the
application.

Proposal for functional unit: “Transformer systepparent power’.

Rational: This proposal could provide a producti@éation at the stage of production making
different assumptions on the application or puttimtg service.

1.7 Measurement and test standards or sector procedures related
to primary and secondary functional performance parameters
and other standards for the product

Scope:

The first aim of this subtask is to give an ovewief existing measurement or test standards
and associated test methods for power and diswibtriansformers considered and to identify
needs and requirements for new standards to béogede

These measurement and test standards or proceaheressential for future legislation and

this study, because they allow to quantify the pobgberformance.

Finally the second aim is to describe the otherdseds for the product.

Background information on European and Internationd standardisation bodies:
EN/CENELEC internal regulations define a standard as a dontirestablished by consensus
and approved by a recognised body that providescéonmon and repeated use, rules,
guidelines or characteristics for activities orithesults, aimed at the achievement of the
optimum degree of order in a given context. Statslahould be based on consolidated results
of science, technology and experience, and aimebeapromotion of optimum community
benefits. The EuropedEN standards are documents that have been ratifiethépf the three
European standards organizations, CEN , CENELEET&I .

In addition to “official” standards, there may bther sector specific procedures for product
testing, which could be considered as standards ey have been recognised both by the
sender and the receiver, that is, when they arggube same parameters or standards. Those
procedures are discussed later in this chapter.

Following the EU’s ‘New Approach’, any product-anted legislation should preferably refer
to harmonised (EN) test standards in order to yehé compliance with set measures. The
referenced test standard should be accurate, neghdel and cost-effective, and model as well

2 Environmental Product  Declaration Large Distribati  Transformer  16/20 MVA,

http://www.environdec.com/reg/e_epd56.pdf

1 LCA study of current transformers, DANTES projemi-funded by the EU Life-Environment Program,
http://www.dantes.info/Publications/Publication-

doc/DANTES%20ABB%20L CA%20study%200f%20instrument¥a0sformers. pdf
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as possible the real-life performance. If no suéalest standard exists, they need to be
developed (possibly based on existing sector Spgmibcedures) for the relevant parameters
in the view of implementing measures.

In technical use, a standard is a concrete exaof@ item or a specification against which
all others may be measured or tested.

In the context of this study EN standards are eajait to IEC standards. Nevertheless it is
also possible to have CENELEC and EU27 nationaldstads that are not derived from IEC
(e.g. EN 50464 described in 1.7.1.1BC is an acronym for the International Electrotechhic
Commission. Power and distribution transformer déads are developed within Technical
Committee 14 (IEC/TC14) on ‘Power transformers’r@pean technical experts are directly
delegated directly within IEC/TC 14. In the US asdme other countries standards are
developed within the IEEE. IEEE is an acronym fo tnstitute of Electrical and Electronics
EngineerslEEE are not de facto equivalent to IEC standards, #ineydeveloped in parallel.
Please note that it is also possible to have naltistandards in Europe as far as they do not
conflict with the harmonised standards.

1.7.1 Test Standards on Energy Use and identified ecodesign parameters

Scope:

A “test or measurement standard” is a standard that sets out a test method, @aitdbes not
indicate what result is required when performingt ttest. Therefore, strictly speaking, a test
standard is different from a “technical standafdamely, in technical use, a standard is a
concrete example of an item or a specification regjaivhich all others may be measured or
tested. Often it indicates the required performance

However, “test standards” are also (but not excklg) defined in the “technical standard”
itself. For example, an IEC standard for a cerfainoduct or process gives the detailed
technical specifications, which are required ineprith conform to this standard. It also defines
test standards (or rather methods) to be follonedvhlidating any such conformity. A
standard can be either product or sector spedafid, it can concern different stages of a
product’s life cycle.

1.7.1.1 European (EN) Test Standards on Energy Use

Standards directly related to the environmentatgperance of transformers are relevant for
this preparatory study and especially for powerscomption testing.

EN 60076-1 (IEC 60076-1) ‘Power transformers. Genal

The ‘IEC 60076-1" is the general generic standand dower transformers with European
equivalent EN 60076-1. This general standard isigadge for power transformers (including
auto-transformers) above 1 kVA single phase an¥/A golyphase. It contains requirements
for transformers having a tapped winding, requimefbrmation on the rating plate, the
required tolerances on certain guaranteed valuefaragraph 10 of the standard defines the
requirements for routine, type and special testsg( measurement of winding resistance,
short-circuit impedance, no-load loss and currén).e
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This standard defines the measurement of the pyitransformer performance parameter (S)
and secondary functional transformer parametersRRoPaux) as defined in section 1.6.
Tolerances are also specified in this standardi(se®).

Note: This standards covers a broad range of wamsfrs and is not limited to distribution
transformers alone.

Industry experts reported that the accuracy of oreasents in official laboratories are +/- 2
% and are reproducible. The procedures to carrtl®imeasurements are clearly described
without possibility to deviation.

EN 50464 series under the general title “Three-pha&s oil-immersed distribution
transformers 50Hz, from 50 kVA to 2500 kVA with highest voltage for equipment not
exceeding 36kV”

Please note that there is no equivalent IEC standar

EN 50464 Part 1 defines load losses, Ro load lossesoRand sound power levels) for the
concerned distribution transformers.

The efficiency of a transformer is given for angdiocondition by the ratio between the output
power (P2) and the input power (P1):

n=100. P2/P1 (%)

Because the difficulty to determine the efficiefugydirect measurements, it can be evaluated
conventionally through the measured losses aswWell@&N 50464-1):

a?2.Pk + Po
a.S+a?2.Pk+ Po

n= 100(1— j (%)

The above mentioned formula is applicable for rdteduency; this means, in most cases, for
a frequency of 50/60 Hz (Europe). This formula fgplacable in the standard loading
conditions of the transformer, this means thatidlae form factor(Kf), the power factor (PF),
K-factor are not taken into account. It is alsthat reference temperature.

1.7.1.2 European (EN) Test Standards on other ecode sign parameters

Most of current test standards and legislationsrel@&ed to energy efficiency, and thus to
electricity consumption which has impact mainly tre environmental indicator Global
Warming Potential. These standards were describetie previous section .However, this
study does not focus on a specific environmentglaich and on energy efficiency other
ecodesign parameters were identified (see secti®n There might also be a relationship
between energy efficiency and the other identifi@hsformer performance parameters (see
section 1.6).

The relationship with the other ecodesign paramistéencluded in Table 1.4 Relationship
between ecodesign parameter and test standards

Stakeholders are invited to provide us informabarany relevant standards, status and gaps.
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Table 1.4 Relationship between ecodesign parameter and test standards

Performance parameter| Standard Status/notes Gap
or Ecodesign parameter identified
LwA dB (A): Sound power | IEC 600769-10?? ?
level of the transformer
EMF (electromagnetic To complete ?
field)
Hazardous substances PCTo complete ?
Hazardous substances PCTo complete ?
Hazardous substances PCTo complete ?
ANY OTHER ?
RELEVANT?

>

1.7.1.3 Sector specific Test Standards

No, the IEC standard is used.
(Stakeholders please comment)

1.7.1.4 National Test Standards within EU27

No, the IEC standard is used.
(Stakeholders please comment)

1.7.1.5 Third country Test Standards and comparison

The above EN with IEC numbers are internationalddads.

As mentioned before the IEEE issues apart fromB standards. The equivalent standard
for IEC 60076-1 (2000) is the IEEE C57.12.00 (2086 IEEE C57.12.90.

Important note on ‘rated power’ (S) definitiofihe interpretation of rated power according to
IEC 60076-1 (84.1) implies that it is a value ofpapentpower input to the transformer,
including its own absorption of active and reactpaver. This is different from the method
used in transformer standards based on IEEE C®Dhere “rated kVA” is the output
that can be delivered at....rated secondary voltage ...

1.7.1.6 Conclusion on the Test Standards on Energy ~ Use and other ecodesign
parameters

There are no missing test standards or measurgrmedures on energy use identified so far
in this study.
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When interpreting US data or countries data udhteH standards one should be aware of the
difference in definition in rated power (S)(see.1.9).
Stakeholders please comment.

The standards on other ecodesign parameters sglisnto be analysed for gaps or future
needs. Stakeholders are invited to provide input.

1.7.2 Other standards related to the product

Scope:

In this sectionany other standard relevant for the product for the produsgarding the
technical, economical and evironmental analysis to be carried out in this study should be
indentified and shortly described.

1.7.2.1 Other standards related to performance for
ecodesign parameters

energy use and other

These standards should be kept in mind when asgesaprovement options later in this
study (chapter 5), it is not the purpose to stast analysis here on this relationship here.

The relationship of other relevant standards with identified performance or ecodesign

parameter is included in Table 1.5.
Stakeholders are invited to provide us informabarany relevant standards, status and gaps.

Table 1.5 R elationship between performance or ecodesign parameter and standards

Performance parameter| Standard Status/notes Gap

or Ecodesign parameter identified

Short-circuit impedance IEC 60076-1 (EN) ?

Rated voltage of the high- | IEC 60076-1 (EN) ?

voltage winding (Vrms)

Rated voltage of the low- | IEC 60076-1 (EN) ?

voltage winding (Vrms):

Insulation temperature | IEC 60085 (EN) ?

class

Protection class (1P) EN 60529 ?

Fire behaviour class IEC 60076-11 (Dry ?
type transformers)

Environmental class IEC 60076-11 ?
(EN)

Climate class IEC 60076-11 ?
(EN)

ANY OTHER ?

RELEVANT?
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| ?

1.7.2.2 Other relevant European (EN) Standards or s

The other identified relevant European Standaresredtuded in Table 1.6

Table 1.6 Identified other relevant standards related to the product

ector procedures

EN Standard | Equivalent | Short description Note status or gap
IEC or
IEEE
EN 60076 IEC 60076 | Title “Power transformers-series”. No
series series This standards was also discussed in section 1t&sbn
C57.12.00 | standards and covers all types of transformers.
series It gives detailed requirements for transformersues
under the following conditions:
a) Altitude: A height above sea-level not exceedifg0o
meter.
b) Temperature of ambient air and cooling medium: A
temperature of ambient air not below —25 °C and not
above +40 °C. For water-cooled transformers, a
temperature of cooling water at the inlet not exlieg
+25 °C.
Further limitations, with regard to cooling are gjivfor:
— oil-immersed transformers in IEC 60076-2;
— dry-type transformers in IEC 60726.
EN 50464 Part 3 is dedicated on the Determinatfdheo
power rating of a transformer loaded with non-saidal
currents, see K-Factor as explained in section 1.6.
EN 60726 IEC 60729 See above remarks No
EN 50464 None Title “Three-phase oil-immersed distribution The minimum
series transformers 50Hz, from 50 kVA to 2500 kVA with losses in this
highest voltage for equipment not exceeding 36kV". | standard does not
See explanation below. mean that
significant lower
losses can't be
achieved with
actual technology.
HD 538.1 No Title “Three-phase dry-type distributivansformers 50

Hz, from 100 to 2500 kVA, with highest voltage for
equipment not exceeding 36 kV”
See explanation below.

-Currently an
equivalent standard
EN 50538 is
circulated in the
CENELEC national
committees for
remarks. The final
document will be
probably validated
in 2010.

-The maximum
losses defined in
this document doesg
not mean that
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significant lower
losses can't be
achieved with
actual technology.

To be To be | To be completed To be completed
completed completed
(stakeholders
are invited to
provide input)

More detailed descriptions on selected standardsefesred in Table 1.6 are included
hereafter:

EN 50464 series under the general title “Three-pha&s oil-immersed distribution
transformers 50Hz, from 50 kVA to 2500 kVA with highest voltage for equipment not
exceeding 36kV”

The object of these documents is to lay down reguénts related to electrical characteristics
and design of three phases distribution transfasnm@mersed in mineral oil, therefore it
assist the purchaser by using uniform tender spatin.

In this standard distribution transformers are $sutdd into four classes according to load
(Pk) and no load (Po) losses per subcategory n$fivamer.

For example, distribution transformers with a ratettage of the High Voltage (HV) winding
of < 24kV are divided into four classes for the loaskks (A to Dy) and five classes for no-
load losses (Atot ).

The transformers with a rated voltage of the HV dimg of 36kV are divided into three
classes for load and no-load lossegs{A0 Cozs and Aks to Clgg). Most efficient transformers
are labelled as A class.

In the tables below load and no-load losses folimoihersed distribution transformers with
rated voltage of the HV-winding 24kV are presented:
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Load losses Pk (W) at 75 T forUm < 24 kV
Short
Rated Dk Ck Bk Ak circuit
power .
impedance
KVA W W W W %
50 1350 1100 875 750
100 2150 1750 1475 1250
160 3100 2 350 2 000 1700
250 4 200 3250 2750 2 350 4
315 5000 3900 3250 2800
400 6 000 4 600 3850 3250
500 7 200 5500 4 600 3900
630 8 400 6 500 5400 4600
630 8700 6 750 5600 4 800
800 10 500 8 400 7 000 6 000
1000 13 000 10 500 9000 7 600
1250 16 000 13 500 11 000 9 500 6
1600 20 000 17 000 14 000 12 000
2 000 26 000 21 000 18 000 15 000
2500 32 000 26 500 22 000 18 500
No load losses P (W) and sound power level (Lw ) fo rU<24kV
Short
Rated EO DO co BO A0 circuit
power impedance
KVA. PO LwA PO LwA PO LwA PO LwA PO LwA %
W dB(A) W dB(A) W dB(A) W dB(A) W dB(A)
50 190 55 145 50 125 47 110 42 90 39
100 320 59 260 54 210 49 180 44 145 41
160 460 62 375 57 300 52 260 47 210 44
250 650 65 530 60 425 55 360 50 300 47 4
315 770 67 630 61 520 57 440 52 360 49
400 930 68 750 63 610 58 520 53 430 50
500 1100 69 880 64 720 59 610 54 510 51
630 1300 70 1030 65 860 60 730 55 600 52
630 1200 70 940 65 800 60 680 55 560 52
800 1 400 71 1150 66 930 61 800 56 650 53
1000 1700 73 1 400 68 1100 63 940 58 770 55
1250 2100 74 1750 69 1350 64 1150 59 950 56 6
1600 2600 76 2200 71 1700 66 1450 61 1200 58
2 000 3100 78 2700 73 2100 68 1800 63 1450 60
2 500 3500 81 3200 76 2 500 71 2150 66 1750 63

Please note that all combinations of load and raol ldasses can be found on the market,
more detailed information on the market averagéhelincluded in chapter 2.

HD 538.1 series under the general title “Three-phasdry-type distribution transformers
50 Hz, from 100 to 2500 kVA, with highest voltageot equipment not exceeding 36 kV”
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The object of these documents is to lay down reguénts related to electrical characteristics
and design of three phases dry-type distributiandformers, therefore it assist the purchaser
by using uniform tender specification.

In this standard distribution transformers a maximload (Pk) and no load (Po) loss is
defined according to the subcategory of transformer

In the table below load and no-load losses fortgpg distribution transformers with rated
voltage of the HV-winding of 12 kV are presented:

Table HD538
Load losses No Load losses
12kV HV winding | 12kV HV winding
kVA W W
100 2000 440
160 2700 610
250 3500 820
400 4900 1150
630 /4% 7300 1500
630 /6% 7600 1370
1000 10000 2000
1600 14000 2800
2500 21000 2200

It consists of three parts:

HD 538.1 S1:1992/A1:1995 -- Part 1. General regonéets and requirements for
transformers with highest voltage for equipmentexateeding 24 kV

HD 538.2 S1:1995 -- Part 2: Supplementary requirgsdor transformers with highest
voltage for equipment equal to 36 kV

HD 538.3 (1998) -- Part 3. Determination of themgo rating of a transformer with non-
sinusoidal current

1.7.2.3 Other relevant EU 27 national (EN) Standard s or sector procedures

Stakeholders please inform if there are any relest@mdards at national level.

1.7.2.4 Other relevant Third country Standards or s  ector procedures

The equivalent IEC and IEEE standards are inclunldéble 1.6.

Other countries are welcome to provide informatmm equivalent standards, it is also
possible to report here any missing standard auailen Third countries without equivalent
European standard.
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1.8 Existing legislation and agreements

This section identifies the relevant legislatiord aagreements for the products within the
scope of this study.
It is divided into three parts:

e Legislation and Agreements at European Communigile

e Legislation at Member State level

e Third Country Legislation

Please note that MEPS is an acronym for Minimunr@nPerformance Standard.

1.8.1 Legislation at European Community level

For the novel reader it is important to know thairdpe adopted the so-called ‘New
Approach’ to product regulation and the ‘Global Apgch’ to conformity assessment.
Detailed information on this approach can be founthe ‘Guide to the implementation of
directives based on the New Approach and the Glapptoach’ (EC, 20085.

The standard elements of the ‘New Approach’ divedi are based on the following
principles:

e Harmonisation is limited to essential requirements.

e Only products fulfilling the essential requirememsy be placed on the market and
put into service.

e Harmonised standards, the reference numbers ofhwinwe been published in the
Official Journal and which have been transposeal mattional standards, are presumed
to conform to the corresponding essential requirdme

e Application of harmonised standards or other tecdinispecifications remains
voluntary, and manufacturers are free to chooseteeiynical solution that provides
compliance with the essential requirements.

e Manufacturers may choose between different confyrnaissessment procedures
provided for in the applicable directive.

The following European directives are significamt the products within the scope:

e Directive 89/336/EEC 'Electromagnetic compatibilitower transformers shall be
considered as ‘passive elements’ in respect to stomsof, and immunity to,
electromagnetic disturbances and are as such egdniyote: Certain accessories may
be susceptible to electromagnetic interferencEC(60076-1)

e Directive 73/23/EEC 'Low voltage equipment': Foe thurposes of this Directive,
‘electrical equipment’ means any equipment desigoedise with a voltage rating of
between 50 and 1 000 V for alternating current (agitveen 75 and 1 500 V for direct
current, other than the equipment and phenometeal lis Annex Il). This means that
they are exempted. If any of the primary and/@& $kecondary voltage falls within
LVD limits it is subject to LVD(stakeholders arevited to provide input).

12 http://ec.europa.eu/enterprise/newapproach/ldgisiguide/document/1999 _1282_en.pdf
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e List relevant ESRs and related standards potentsderlapping with environmental
requirements (noise, emissions, etc.) To be comregblet

e Directive 98/37/EC on the approximation of the lavishe Member States relating to
machinery. The machinery directive is not applieabk transformers as such but may
be applicable on certain accessories (e.g. punspeigholders are invited to provide
input).

e Directive 2002/95/EC on Restriction of the use eftain Hazardous Substances in
electrical and electronic equipment (RoHS). (stakddrs are invited to provide
input).

e Directive 2002/96/EC on ‘Waste Electrical and Elesic Equipment’ (WEEE) is not
applicable as transformers are not falling undercthitegories set out in Annex IA.

e Directive 2004/40/EC on the minimum health and tyafequirements regarding the
exposure of workers to the risks arising from ptgsiagents (electromagnetic
fields).This Directive lays down minimum requirenteifor the protection of workers
from risks to their health and safety arising deely to arise from exposure to
electromagnetic fields (0 Hz to 300 GHz) duringittheork. This can be important for
the construction of the transformer station, howevés not relevant for the product
on its own.

e Directive 89/106/EEC on the approximation of lawegulations and administrative
provisions of the Member States relating to comsion products. To be checked is
there any measure on transformer products? (stilexisare invited to provide input).

e Directive 2005/32/EC on Eco-design. This directestablishes a framework for the
setting of ecodesign requirements for energy-ugirgglucts and amending Council
Directive 92/42/EEC and Directives 96/57/EC and BB/EC of the European
Parliament and of the Council. It should be noteat this study could result in the
adoption of a regulation for distribution and/ommy transformers.

e Amending Directive 2008/28/EC on Eco-design. Thkisun amendment on Directive
2005/32/EC related to the implementing powers aoefeon the Commission.

List of related Ecodesign preparatory studies:
To be completed

List of related adopted Ecodesign regulation:
To be completed

Please note that there are currently no specifjcirements on energy efficiency, however
this could result from this study within the franmWw of « Directive 2005/32/EC on Eco-
design.

1.8.2 Agreements at European Community level

Minimum performance levels or labelling is includéd those European standards or
agreements:

- EN 60076-1 (IEC 60076-1) series on ‘Power tramefrs. General’(see also section 1.7 for
more details);

- EN 50464 series under the general title “Threasghoil-immersed distribution transformers
50Hz, from 50 kVA to 2500 kVA with highest voltadger equipment not exceeding 36kV”
(see also section 1.7 for more details);
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- HD 538.1 series under the general title “Threagehdry-type distribution transformers 50
Hz, from 100 to 2500 kVA, with highest voltage fequipment not exceeding 36 kV” (see
also section 1.7 for more details);

- SEEDT a software and selection guide base. IrEtm®pean IEE FP7 SEEDT project on
‘Strategies for development and diffusion of EneEfficient Distribution Transformers’ a
guide on ‘Selecting Energy Efficient Distributiomahsformers’ (see http://seedt.ntua.gr/). It
resulted in an on-line transformers losses caloulditat compares energy and euro losses of
distribution transformers, taking into account tresmsformer parameters (e.g. those defined in
section 1.6);

Any other stakeholders please provide informatidispecially green procurement
requirements or public tender requirements (e.gvepdransformers) adopted by the sector
can be reported here.

1.8.3 Legislation at Member State level

Memberstates please indicate any relevant legslatiere that is not covered by EU27
legislation.

Also green procurement requirements or public tenelguirements (e.g. power transformers)
adopted by the sector can be reported here ifltheg no European dimension.

1.8.4 Third Country legislation

Scope:

This section again deals with the subjects as glimuenow for legislation and measures in
Third Countries (extra-EU) that have been indicdtgdtakeholders as being relevant for the
product group.

Stakeholders are invited to provide any informatiene for the sake of simplicity we already
included an overview.

IMPORTANT NOTICE ON THE DIFFERENCES IN INTERNATIONALINE VOLTAGE
STANDARDS:

All European and most African and Asian countries a supply that is within 10% of 230 V
at 50 Hz, whereas Japan, North America and somis p&arSouth America use a voltage
between 100 and 127 V at 60 Hz.

Moreover technical standards differ between botbugs including the definition on rated
power (S), see section 1.7.1.5.

This difference in line voltage and frequency hasimfluence on the efficiency of the
transformer and the sizing of a domestic grid.

In the US and Japan distribution transformer areegaly smaller (e.g. 50 kVA) for a smaller
group of houses compared to Europe (e.g. 250 kVYAijs is because the higher line voltage
allows to transport more electricity with the sawige section in Europe.
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As a consequence the one-to-one comparison of mmimequirements and benchmarks
makes no sense. A comparison is only included Rereéo demonstrate the technical
feasibility to have them in place and to show tieads and content.

It should be taken into account that several norofg@an countries are elaborating or have
MEPS for transformers (Australia and New Zealan8AlJCanada, etc.) and these ongoing
developments will be followed up. Following is anmsmary of international initiatives
targeting distribution transformers:

There is no such information about power transfost{stakeholders are invited to provide
input).

USA

The U.S. Department of Energy has published tha funle for the Distribution Transformers

Energy Conservation Standard Rulemaking, 72 FR ®8{October 12, 2007). The

Department has determined that energy conservaiandards for liquid-immersed and
medium-voltage, dry-type distribution transformerl result in significant conservation of

energy, are technologically feasible, and are ecocally justified.

For those who want more detailed information, & rigphort and the complete regulation can
be downloaded in english

Older requirements in the US referred to NEMA TPbij this was perceived as not
demanding enough. A comparison is included laténigsection.

Canada

Canada follows TP-1 strictly but the mandatory Is\apply only for dry type transformers. In
Canada the Office of Energy Efficiency (OEE) of ial Resources Canada (NR-Can) has
amended Canada's Energy Efficiency Regulations Rbgulations) to require Canadian
dealers to comply with minimum energy performantandards for dry-type transformers
imported or shipped across state borders for salease in Canada. The standards are
harmonized with NEMA TP-1 and TP-2 standards.

Amendment 6 of Canada's Energy Efficiency Regutativas published on April 23, 2003.
The regulation of dry-type transformers has beetluded in this amendment with a
completion date of January 1, 2005. This requitiedrg-type transformers, as defined in this
document, manufactured after this date to meet rthieimum efficiency performance
standards.

As far as oil transformers are concerned, Canada dwnducted analysis of MEPS
implementation potential and found that the greatomty of Canadian oil distribution
transformers already comply with NEMA TP-1 so thanslard would almost have no
influence on the market. The yearly MEPS standardact would only be 0.98 GWh for
liquid filled transformers compared to saving poi@nat 132 GWh expected for dry type
transformers. Also, Energy Star products are vetiyely promoted in Canada.

Australia and New Zealand
Australia "recalculated" the American 60 Hz effrodg standard to its 50 Hz frequency and
also extrapolated linearly the efficiencies at fiee ratings which are different from USA.

13 http://ww1.eere.energy.gov/buildings/appliancandtrds/commercial/distribution_transformers.html
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The Australian program for energy efficiency intdisution transformers, executed by the
National Appliance and Equipment Energy Efficiet@ymmittee (NAEEEC), works on two
levels.

First, there is the Minimum Energy Performance &&ad (MEPS), a regulation that bans
transformers which do not meet minimum efficieneydls. The MEPS are defined for oil-
filled distribution transformers between 10 and @30/A and for dry type distribution
transformers between 15 and 2500 kVA, both at 568@.l The MEPS are mandated by
legislation, effective 1 October 2004. Under thmatus of the National Greenhouse Strategy
and thanks to the strong will of the parties inealy the creation of the MEPS passed
smoothly. The field study to define the scope sthih 2000 with the minimum standards
written in 2002.

The second track, currently under developmenthésdreation of further energy efficiency
performance standards resulting in a scheme famvaty 'high efficiency' labelling.

New Zealand follows the Australian regulation festdbution transformers.

Japan

Japan has a different type of distribution systesithy the last step of voltage transformation
much closer to the consumer. The majority of urate pole mounted single phase
transformers. The driver for setting up minimumiaéincy performance standards was the
Kyoto commitment. Transformers, together with oth@rcategories of electrical equipment,
should meet minimum efficiencies. In case of transkrs, the efficiency is defined at 40%
load. Target average efficiency has been definedhf® year 2006 (oil) or 2007 (dry type),
based on the best products on the market in 2008.Japanese MEPS is currently the most
demanding compared to other regulated ones, atesigned in different way than any other
ones. Efficiencies for different products are disat by equations (see Table XX).

Table 1.7 Types of distribution transformersin Japan

Transformer type # of phases / Rating Formula for calculating Class
frequency Hz efficiency
Oil filled 1/50 Hz E=15,3 * (kVA)**° |
1/60 Hz E=14.4 * (kvVA)"*%® I
3/50 Hz Up to 500 kVA E=238 * (kvA)’%? 111-1
Over 500 kVA E=9,84 * (kvA)>#* -2
3/60 Hz Up to 500 kVA E=22,6* (kVA)"% V-1
Over 500 kVA E=18,6 * (kvA)"™*® V-2
Dry type 1/50 Hz E=22,9 * (kVA)"* %
1/60 Hz E=234* (kvA)" %4 VI
3/50 Hz Up to 500 KVA E=33,6 * (kVA)**%° VII-1
Over 500 kVA E=24,0 * (kVA)"™’ VII-2
3/60 Hz Up to 500 kVA E=32,0 * (kvA)** VIII-1
Over 500 kVA E=26,1" (kVA)*'"® VIIl-2

Please note that the diffence between Oil filled &ry type transformers are related to
cooling, see also 1.3.

38



Energy using Products Analysis Distribution andvrer transformers

This scheme is a part of the 'Top runner Prograhithveither defines the efficiency for
various categories of a product type, or usesmauta to calculate minimum efficiency. This
program, which covers 18 different categories opliapces, has some major differences
compared to other minimum efficiency performancegpams. For example, it refers to the
average particular manufacturer sold populationdenhanufacturers or importers who ship
less than 100 units in total are excluded, butldispbligations must be met regardless of the
number of units shipped. The minimum standard isbaged on the average efficiency level
of products currently available, but on the higheféiciency level achievable. However, the
program does not impose this level immediately,dai$ a target date by which this efficiency
level must be reached. A manufacturer's producggamust, on average, meet the
requirement. It is not applied to individual protkicThe program shall deliver approximately
30.3% improvement in efficiency compared to 199&Ie by the target year. Labelling of the
products is mandatory. A green label signifies adpct that meets the minimum standard,
while other products receive an orange label.

China

In China, the standards have been regularly updratieting from 1999. S7 and the next S9
have been replaced with new standard S11, whichldsses slightly below Europe's AC'
level. The MEPS defines allowable levels for noadoand load losses. These standards,
approved by the State Bureau of Quality and TedauylSupervision, are defined for
distribution and power transformers covered in @hifhey stipulate maximum load and no-
load losses for oil immersed types ranging fromt@®@1500 kVA and for dry types in the
range from 30 to 10000 kVA. This regulation hascglyi changed the market to higher
efficiency units.

India

The Indian Bureau of Energy Efficiency (BEE) haslgsed the feasibility of a distribution
transformer minimum efficiency standard. BEE clssi distribution transformers in the
range from 25 to 200 kVA up to 200 kVA into 5 categs from 1 Star (high loss) to 5 Stars
(low loss). 5 Stars represents world-class perfooea 3 Stars is being proposed as a
minimum efficiency performance standard, and isn@ewvidely followed by utilities. The
scheme is a cooperative venture between publipéwdte organisations that issues rules and
recommendations under the statutory powers vesieditv The 5-star program stipulates a
lower and a higher limit for the total losses iansformers, at 50% load. The scheme
recommends replacing transformers with higherrsitsd units.

The 12th of January 2009, the Indian authoritiesyeBu of Energy Efficiency (BEE),
published the project of regulation before thelfadoption in March 20009.

Since this date, the manufacturers will have 6 m®rto apply the requirements of the
labelling. In comparison to the EU energy labelligpgram, the Indian one was voluntary
since this time.

The label shall be displayed on every product arailable at the point of sale.

To qualify the star rating, the manufacturers axétéd to use the Indian standards such as the
IS 1180: 1989 for testing conditions of distributimansformers.

The scope of the regulation for dtribution transfer is: oil immersed, naturally air cooled,
three phase and double wound non sealed type autlilstoibution transformer of standard
ratings of 16, 25, 63, 160, 200 kVA of 11k beingmuiactured and commercially purchased
or sold in India.
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For labelling criteria, further information are @ahle here:
http://www.bee-india.nic.in/search.php?id=Distribuo20Transformer

Mexico

Mexico sets MEPS at slightly less stringent lev@l4% to 0.2% below TP-1 efficiency. As in
Australia, the Mexican MEPS includes voluntary amdndatory elements. The Normas
Officiales Mexicanas (NOM) defines minimum efficn performance standards for
transformers in the range from 5 to 500 kVA, andcampulsory test procedure for
determining this performance. For each power cayegnaximum load and non-load losses
are imposed.

A conclusion on task 1 is missing, in particulartbe preliminary proposed product scope to
be discussed at the stakeholder meeting.

1.8.5 Summary on legislation and agreements in EU and Third Countries

The European industry uses currently a standard §8M64) for oil-filled distribution
transformers and harmonised document (HD 538) ffigitype transformers that includes
MEPS. This is not included in legislation so fadas used for procurement specifications
only.

A comparison of the different MEPS with EN-50464 included in Figure 1-6, the
efficiency is calculated at 50 % load (source: SEEPO08)).

Only in China there are MEPS for power transformgrs$o 31,5 MVA.
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Comparison of international standards
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Figure 1-6: Comparison of international transformer standards (Source: SEEDT (2008))

Notes on this comparison:

- These comparison should be handled by care bed¢haseefinition of rated power
(kVA) differs in IEC standards compared to IEEE.

- Moreover, the line frequency and voltage differssld compared to US(JP) and this
can have an impact on transformer design and efiftgy. See notice in the beginning
of this section.

- Some MEPS are in efficiency at 50 % load factortagk 3 it will be shown that it is
representative for industry transformers but notlhe distribution transformers (20 %
load factor). The EN 50464 is more detailed andi§ies load (Pk) and no load (Po)
losses.

- It is not the purpose to start analysing the pemtorce of transformers here, this will
be done in more detail in later Chapters.

- This figure can be updated later, data is chanfyeggently.
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