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0 INTRODUCTION

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

The Ecodesign Directive (2005/32/EC) provides ceheEU-wide 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 not gooqulld ultimately be prohibited from
being traded within the EC. It contributes to thetainable development by increasing energy
efficiency and the level of protection of the emviment, taking into account the whole life
cycle cost.

The MEEuUP methodology (Methodology for the Eco-gesif Energy Using Products) allows
the evaluation of whether and to which extent waienergy-using products fulfil the criteria
established by the Ecodesign Directive for whichplementing measures might be
considered. The MEEUP model translates productifspedormation, covering all stages of
the life of the product, into environmental impact.

The preparatory phase of this study is to colletador input in the MEEUP model.
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1 DEFINITION

See draft document on the project webstev.ecotransformer.org




Energy using Products Analysis Distribution andviger transformers

2 ECONOMIC AND MARKET ANALYSIS

Scope

In this chapter, the market and stock data fofalewing time periods are identified:
1990 (Kyoto reference);
2004-2007 (most recent real data);
2012 (forecast, end of Kyoto phase 1, end of otbfarence years important from an
environmental point of view);
2020-2025 (forecast, year in which all new eco-glesiof today will be absorbed by
the market).

This chapter includes insights into the latest raatkends to indicate the place of possible
eco-design measures in the context of the markettates, and ongoing trends in product
design (see 82.3). Additionally, 82.4 provides infation on user expenditure data, e.g.
transformer prices and electricity prices, whicli e used to calculate the life-cycle-cost of
the transformers.

Please note that this section currently only ingludormation on ‘Distribution and power
transformers’ and not on smaller industrial transfers. The information on smaller
transformers is not yet available, this will be gbeted during the progress of the study.

Furthermore, it is not the purpose of chapter fotecast the effect of future policy options
related to transformers. Future policy options #meir estimated impacts are discussed in
chapter 7.

According to the MEEuUP methodologyrimary MEEuUP market parameterthat will be
used for environmental and economical impact modglh chapters 4, 6 and 7 are identified.
These parameters reflect the followiggheric economic datgsee 82.%

Installed transformers (stock) according to thedpmb categories defined in section
1.1 most recently (2004-2007), and in the past @1€&imation) per EU-27 country
(82.2.1.1 and 82.2.1.2);

Annual transformer sales (market) according to piheduct categories defined in
section 1.1 per EU-27 country (82.2.1.3);

Annual transformer sales can be subdivided inan$former replacement sales’ and
‘new installed transformer sales’. The number ofual transformer replacement sales
is assumed equal to the ‘Installed transformerkstoeer ‘Average product life’. This
approach is mainly useful for analysing marketdsen

Transformer sales growth (% or physical units) adiog to the product categories
defined in section 1.1 to forecasting the impadBusiness as Usual (BAU) for 2012
and 2020 for a BAU scenario (82.2.1.4);

Average Product Life (in years) (82.2.1.5);
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Someadditional market model parametease defined. These parameters are used to correct
or double check Eurostat or other available madat and to assist in predicting 2020
growth rates for the scenarios and assessmenteofmpact of introducing more energy
efficient transformers in Europe (82.2.2).

The idea is that distribution transformers areduhko the population and installed residential
and non residential (tertiary sector, industry,)estectricity park. Also the market share of
Renewable Energy Systems (RES) in the total etgtgtrconsumption will be assessed.
Because RES is generally more geographically bigid and on a smaller scale than
traditional electricity generation methods (coasgnuclear, hydro), this may be an important
driver in stock growth.

Furthermore the average load and no-load losseth@rstock and sales, and the current
average efficiency of the installed transformeikparndicated.

In the BAU scenario, the average transformer effida kept constant. This might of course
underestimate the losses of the past and overdstitha losses of the future. A sensitivity
analysis at the end of the study could check tbisdaries.

Summary:

The results are summarised in

Table 2-1.

For the total figure of MV/LV distribution (= LVA/ and MV/LV distribution transformers
as defined in Chapter 1 8 1.5.7), industry and padigribution transformers there should be
no doubt that the eligibility criterion (Art. 15ar. 2, sub a, of the Ecodesign Directive) is met
as sales are slightly above 200000 and moreovetetme ‘unit’ should not de facto be
interpreted as ‘product sold’. The term ‘unit’ cduhlso be interpreted in relation to the
functional unit ‘kVA’. The minimum rating (kVA) irstandard EN 50464-1 is 50 kVA, hence
using this unit the criterion would be met by far.
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Table 2-1: Summary of MEEUP market parameters

Stock Stock Stock New installed sales Total sales Total sales
S Class Replatiement
Transformer type 1990- 2005- sales 1990- 2005-
1990 2005 2020 5005 2020 2005 | 2020 1990 2005 2020
KVA Kunits | Kunits | K units % p.a. % p.a. % p.a. % p.a. % p.a. | unitsp.a. | units p.a. | units p.a.
MV/LV
Distribution 250 CKEO 2.692 3.600 4.459 1,9 1,4 2,5 44 3,0 B 140.400  173.891
transformer (oil)
line voltage | 55 ? ? ? ? 1,9 14 2,5 44 34 2 ? ?
restorers
DER LVIMV | 5000 2 0.25 20 90 34 10,5 4 38 14|5 )5 2900  13.050
transformers
Industry  MVILV. | 44, CkDO 508 800 901 1.9 1.4 4 59 54 35294 48|20 53.505
oil transformer
Industry  MVILV | g | Pk 10000 W), 170 211 19 14 33 52 47 6.652 8.047 91066
dry transformer Po 2500
Pk 300000 W
bower transformer | 229990 | po 80000 48 64,35 80 1,9 1,4 1,4 3/3 28 1.588 1.802 2032
Pk 300000 W
Phase 100000 | 5 20000 0,49 0,65 0,81 1,9 1,4 1,4 3,3 48 16 18 23
Separation/isolation |, 2 2 2 2 1.9 1.4 10 11.9 114 2 2 2
transformer (dry)
Control 1 2 2 2 2 1.9 1.4 10 11.9 11.4 2 2 2
transformer (dry)
Safety transformers | g 2 2 2 2 1.9 1.4 10 11.9 114 2 2 ?
(dry)
Speciality 2 2 2 2 2 1.9 1.4 10 11.9 11.4 2 2 2
transformer (?)
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2.1 Generic economic data

2.1.1 Definition of 'Generic economic data’' and dat  a sourcing

“Generic economic data” gives an overview of prdducand trade data as reported in the
official EU statistics. It places the transformeiishin the total of EU industry and trade and
also enables to check whether the product compligs the eligibility criterion of Art. 15.,
par. 2, sub a, of the Ecodesign Directive:

“the EuP [to be covered by an implementing measwiedll represent a
significant volume of sales and trade, indicativelgre than 200000 units a year
within the Community according to more recentlyikakde figures.”

To investigate the general transformer market, funms-Prodcom statistics are screened,
and verified with recent data from stakeholderg.(meetings T&D Europe 2009).

Although the aim is to take into account the speaiftributes of the Member States’ national
markets, much of the analysis can only be perforatdde level of the EU-27 market, as data
is mostly available in aggregated form.

2.1.2 Generic economic data from the Europroms-Prod  com statistics

Within the Europroms-Prodcom statistics, the tramaer market is divided on the basis of
power rating and type of transformer, i.e. liquid rmn-liquid (dry) dielectric transformer.
This classification of the market analysis is diéigt from the classification as defined under
the scope of this study (see chapter 1 § 1.4.ThlkAbetween the Prodcom classification and
the scope of this study is made in the Table 2-2.

! Europroms is the name given to published Prodcata. dt differs from Prodcom in that it combinesghuction
data from Prodcom with import and export data ftbmForeign Trade database.

10
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Table 2-2: Transformer market classification by &om and scope of this report

Prodcom Prodcom Prodcom Link with scope of
Code Description Simplified Name report
31.10.41.30 Liquid dielectric  transformerd.LP (liquid low power) MV/LV distribution
having a power handling capacity transformers
650 kVA

31.10.41.53 Liquid dielectric  transformerd MLP (liquid medium
having a power handling capacity|>3ow power)

650 kVA but 1 600 kVA Industry ail (LV/IMV)
31.10.41.55 Liquid dielectric  transformerd MHP (liquid medium
having a power handling capacity|>high power)

1 600 kVA but 10 000 kVA
31.10.41.70 Liquid dielectric  transformerdHP (liquid high power) | Power oil (HV and ¢

=

having a power handling capacity|> MV)
10 000 kVA

31.10.43.30 Transformers, fAes16 kVA < | DLP (dry low power) Industry dry (LV/LV)
power handling capacity < 500
kVA

31.10.43.50 Transformers, nes, power hand|i@HP (dry high power) DER and industry dry
capacity > 500 kVA (MVI/LV)

2.1.2.1 Prodcom Market Data

The Europroms-Prodcom statistics contains datahenptoduction, imports, and exports in
terms of both quantity of units and monetary valeer. various reasofisthese data must be

considered only as approximations. All the requideda for transformers is summarised by
apparent consumptiés Production + Imports — Exports

The market data in quantity of units and monetaiye (see Table 2-3) was obtained for the
relevant product categories from Eurosfar the EU-27 for the years 1995and 2004 —
2007.

% ‘nes’ means ‘not elsewhere specified’

% The general advantages, flaws and limitationshe¢ official EU statistics are extensively diseds® i) the
MEEUP Methodology Report and ii) the Eurostat dgttap Handbook (part 6.4.2.) Europroms-Prodcom data,
version 29/08/2003.

4 “Apparent consumption” is the estimation of theagrg consumption for each product based on the amou
produced plus the amount imported minus the amexmbrted. This is the rationale for combining Padcand
Foreign Trade data in Europroms (Eurostat Data S$tampdbook, part 6.4.2 Europroms-Prodcom data, aersi
29/08/2003).

® http://epp.eurostat.ec.europa.€bheme “Industry, trade and services”, last cttesiul 9/02/2009)

® In this study the interest is trade leaving angeng the EU-27. Despite the fact that Eurostatdheta for each
EU Member State, these data cannot be used asritxctrade between Member States. Therefore, adlystry
data on an EU-27 level was used.

" Data for the EU-27 was estimated by determinirgyrislation between EU-15 and EU-27 data for thasyea
2004 and 2005, averaging this ratio for the twageand then applying this to the EU-15 in 1995.

11
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Table 2-3: Transformer market data within the EU-P¥odcom data

. . Import Export Export Apparent Apparent
orottam, sompo study | YE | (1000 unts) | (wiiane) | (@000 | (T 1000 | (milion | Consumption | Consumption
units) units) €) (1000 units) (million €)

1995* 525.85 418.11 270.77 14.91 175.21 68.71 621.40 364.31

31.10.41.30 LLP / 2004 208.45 372.55 1096.39 34.38 115.30 72.91 1189.54 334.02
2005 207.69 436.97 541.48 35.47 53.26 79.13 695.91 393.31

Distribution oil (MV/LV) 2006 223.79 631.08 1082.33 54.24 101.98 90.62 1204.14 594.70
2007 230.89 796.94 1030.21 75.47 221.62 111.38 1039.48 761.02

1995* 19.08 156.13 21.46 4.09 21.54 26.98 19.00 133.24

31.10.41.53 LMLP / 2004 19.72 182.97 8.11 20.44 6.08 27.01 21.75 176.41
2005 20.92 191.82 9.29 21.64 14.29 30.66 15.92 182.80

Industry oil (LV) 2006 26.55 292.96 47.82 24.53 17.16 37.37 57.21 280.11
2007 29.57 369.64 79.26 22.76 44,51 40.36 64.33 352.05

1995* 3.39 138.82 3.12 4.89 2251 36.92 106.79

31.10.41.55 LMHP / 2004 4.54 213.02 823.24 32.52 8.77 45.32 819.01 200.22
2005 3.95 181.17 1222.44 23.95 12.08 39.07 1214.32 166.05

Industry oil (MV) 2006 5.39 231.24 1468.17| 41.45 10.23 68.99 1463.32 203.70
2007 6.77 328.21 1423.65 50.64 25.30 72.09 1405.13 306.76

1995* 2.24 865.46 18.01 27.23 56.18 352.78 539.92

31.10.41.70 HP / 2004 2.98 1009.22 63.11 36.57 212.56 427.36 618.43
2005 3.38 1229.41 430.04 46.36 2.51 540.35 430.90 735.42

Power oil 2006 3.79 1457.22 7.29 48.68 4.45 580.10 6.63 925.81
2007 4.64 2007.58 32.04 68.07 41.07 642.33 1433.32

1995* 5565.53 161.20 3289.82 25.34 864.06 83.09 7991.29 103.45

31.10.43.30 DLP / 2004 307.55 216.90 3370.72 41.20 374.26 88.41 3304.01 169.69
2005 272.35 220.13 4071.17 31.74 411.41 79.59 3932.11 172.28

Industry dry (LV/LV) 2006 899.84 800.00 3317.19 56.46 389.52 106.10 3827.50 750.36
2007 395.99 397.18 6151.42 71.81 690.73 139.67 5856.69 329.32

1995* 28.35 350.65 1255.07 17.46 22.43 84.71 1260.99 283.39

31.10.43.50 DHP/ 2004 77.43 474.45 21068 24.69 56.01] 130.48 232.10 368.66
DER and industy dry 2005 93.51 538.51 198.06 39.84 123.05 141.98 168.52 436.37
(MVILV) 2006 84.06 766.20 447.77 68.26 210.35 252.08 321.48 582.38
2007 123.75 804.64 848.29 72.23 194.00 335.81 778.04 541.06

lid): due twomsistencies between the quantity and value oportea and exports

12
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The market trends for different categories of tramsers are presented in Figure 2-1 (in
units) and Figure 2-2 (in Euros).

Apparent Consumption (1000 units)
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Figure 2-1: Transformer market for the EU-27, imtisands of units
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Figure 2-2: Transformer market for the EU-27, inlimhs of Euros
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The market data from Prodcom shows that:
The low voltage dry industry transformer (DLP) isfar the largest market segment with

an apparent consumption of over 5.8 million unt2007 and represents about 64% of
the market. This is over 4 million units and a 49%ater market share than the next
largest category, the medium voltage oil immersedustry transformers (LMHP).
Apparent consumption of the low voltage dry industansformer (DLP) has also been
generally increasing between 2004 and 2007, witbvanall increase of 77%.
The low voltage oil immersed industry transformeM{P) and the power transformer
(LHP) are negligible in terms of market size, reyergting less than 1% of apparent
consumption in 2007.
Imports of transformers far outweigh EU-27 prodoicti For the years 2004 — 2007,
imports exceed production by an average of 6.18amilinits and a ratio of 9.23 import
to production units. However, in terms of monetaajue, the value of production over
the same period is €3.28 billion greater than irtgawhich is a produced to imported
ratio of 13.6. This inconsistency, where more umite imported but greater value is
produced, is most likely due to unreliable datamfr®rodcom. Stakeholders please
provide input.

- The category with the largest market share, lowaga dry industry transformers,
imported on average 3.76 million more units thapritduced each year between
2004 and 2007. In monetary terms, an average o8 €8flion more value were
produced than imported during the same period.

- The second largest market category, medium voltageimmersed industry
transformers, imported an average of 1.23 milliaitsueach year between 2004 and
2007. Over the same period, an average €201 milihmme were produced than
imported.

- The distribution oil immersed transformers (LL#g third largest market group,
imported an average of 0.72 million more units thesduced each year from 2004
to 2007. On the contrary, each year, an average €#llon more were produced
than imported.

The EU-27 is not a net-exporter of any type of¢farmer.

Important note
The Eurostat numbers for ‘31.10.43.30-Transformees,, 16 kVA < power handling
capacity < 500 kVA'. This category of transformersludes the smaller industrial
transformers discussed in chapter 1 and otherftiansrs such as e.g. measurement
transformers (current/voltage), welding transforsnand plasma power supplies (X-
ray, ..).
Eurostat might also include bookkeeping errorseeisily for small sales volumes
categories when they are confused with large salegories. E.g. A 20 VA
transformer might be confused with 20 kVA)

14
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2.1.2.2 Prodcom Sales growth

Because the data from 1995 is only an estimaie nifore reasonable to assess trends between
2004 and 2007. However, it is important to remembeat the growth of apparent
consumption in units is not linear from 2004 to 20@s seen in Figure 2-1. Apparent
consumption is used to summarise the results iphgeal form in Figure 2-3 to Figure 2-5.
Figure 2-3 shows absolute change, while Figurea®d Figure 2-5 display relative change
both in units and in Euros, which is the contribatiof each category of transformer to the
overall growth of the market. It is interesting iote that quantity of units and the market
value do not appear to be directly related, e.gatiee unit growth but positive monetary
growth with LLP (distribution oil) transformers.

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

For absolute growth of the monetary value of apptacensumption, LHP (power oil) and
LLP (distribution oil) are leading with 132% an@8P6 growth, respectively. These are
also the two strongest contributors to relativengho with LHP (power oil) having 44%
growth and LLP (distribution oil) 23%.
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Figure 2-3: % Change of Apparent Consumption fr@@4£— 2007
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Relative Change, Units
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Figure 2-4: % Relative Change of Apparent Consuampfin value) from 2004 — 2007
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Figure 2-5: % Relative Change of Apparent Consuamp(in units) from 2004 — 2007

The average price for each Prodcom category camotlculated based on Eurostat data due
to the inconsistencies within the data. In one c#se calculation based on Eurostat data
results in a negative price per transformer.

16
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2.1.3 Generic economic data from EU transformer ind  ustry associations

In order to verify the Europroms-prodcom data, aareiew of the number of units installed
on EU level and the recent sales figures are peavin/ the sector organisation (T&D Europe,
May 2009).

Table 2-4 presents the number of distribution,darglustry and power transformers installed
in Europe together with the prediction of the séilgsres for 2009.

Table 2-4: Overview of the total number of trangefers installed in 2009 and expected sales
figures for 2009(T&D Europe, May 2009)

Total EU27?
Distribution and industry distribution
Total installed 5040000
Sales figures 2009 248600
Power
Total installed 65500
Sales figures 2009 1310

These figures show that anno 2009 about 50000@0bdison transformers and 65500 power
transformers were installed. The number of distrdmy industry and power units sold
complies with the eligibility criterion stated ihg Ecodesign Directive, viz. more than 200000
units sold per year.

Import figures? Stakeholders please provide input

2.1.4 Generic economic data: conclusion

The EU statistics and figures from the EU transfrmndustry (T&D Europe), show that the
production/sales figures for distribution, indusagd power transformers comply with the
eligibility criterion from the Ecodesign Directiveiz. more than 200000 units sold per year.

As the Eurostat data shows inconsistencies, ingtat wr the MEEuUP Model is retrieved from
market data from sector organisations (see abond)adher literature. These are further
elaborated in paragraph 2.2. At the end a sertgitanalysis will be required to verify the

impact of these input data, e.g. effect if numianstalled units is much lower or higher than
5000000 units.
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2.2 Market and stock data

Scope:

To estimate the past, current and future EU-widdrenmental impact of transformers the

EU market and stock data needs to be identifiedth&sEuroproms-prodcom statistics show

some inconsistencies, it is not considered to tiabte. Therefore alternative sources are

investigated in this section. The main figureseadtrieved are:

- number of units installed for each category defineder § 1.4.7 in 1990, 2004-2005 and
2020;

- recent sales (new and replacement) and sales growth

2.2.1 Key methodology

Due to the inconsistencies and unreliability of Engostat data in section 2.1.2, the following

approaches for retrieving market data, were exgtore
Literature search and EU R&D project datavarious studies have been conducted on
the energy use of distribution transformers for E&ID programmes (IEE-reports) and
several Member States have delivered useful dataeonumber of installed transformers
and their related energy efficiency. The most receerview was given in the SEEDT-
study related to the analysis of existing situatioih energy efficient transformers
(SEEDT, 2005). For the additional market parametérs reports on ‘Electricity
Consumption and Efficiency Trends in the Enlargadopgean Union - Status report
2006’ from (JRC 2007), Eurostat, Eurelectric andT&Gstatistics and prognoses reports
and related projects from the IEEA programmes (REMODECE) are used as main
sources.
Consultation of the European transformer industsga@ciations T&D Europe data will
be delivered to the extent they are available.
Internet sources www.iea.org  www.eurostat.com WWW.e-cigre.org
http://www.ucte.org http://www.ewea.org/ http://www.eupvplatform.org/
http://www.epia.org www.eurelectric.orgwww.erec.org
Public tender informationas found in Official Journal of the European Union
http://simap.europa.eu/
Stakeholders please provide input

Robust data on the past and future number of wamsfrs installed is not available. These
figures will be estimated based on the EU poputatiad electricity consumption for 1990
and the predictions for 2020 (Eurostat and Euretgcsee § 2.2.2. These estimations will be
cross-checked with the data from sector organisgatio
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2.2.1.1 Stock Data: recent 2004-2005

The table below present the EU-25 region speciftadon the installed transformers
(transformers in service), as collected for the BEEBtudy (SEEDT, 2005) and verified with

information from the sector organisation (T&D megtD4/06/2009).

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

Stock
Small
EU-25 " bistribution : .| DER | industrial
region . Industry oil | Industry dry | Power oil
oil dry transformer
S

EAST 148100 42100 4250
MID 2366800 368600 101590
NORTH 300000 35800 38960 65000 20000 ?
SOUTH 794400 334500 24680
Total 3609300 781000 169480

The five MS with the biggest transformer stock @ermany, Spain, France, Italy, and Poland,
with more than about 300,000 (PL) to more than @00Q(FR) units.

The figures mentioned above do not include the Isimdistrial transformers (viz. separation/
isolation, control, safety and speciality transfermmas defined in chapter 1 § 1.5.7).
Stakeholders are invited to provide input.

Details MV/LV distribution and industry transfornes

Table 2-6 present the summary on EU-25 of ittstalled humber and capacigf MV/LV
distribution and industry transformers for the y&8a04. According to the SEEDT datthe
overall number of EU-25 MV/LV distribution and iasltry transformers is estimated at 4,6
million units in 2004.

8 Stock= installation in service
° Source, SEEDT : Analysis of existing situation okmy efficient transformers - technical and nochtgcal solutions,
EIE/05/056/S12.419632 and info from T&D Europe (tieg 17/03/2009 and 04/06/2009)
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Table 2-6 Overview of the number of distributiow andustry transformers in EU-25 in
2004 (SEEDT)

EU-25 stock 2004 (SEEDT)
Sector Rating Pieces MVA
< 400 2639129 307230
400 kVA -
630 kVA 845107 432793
> 630 kVA 125047 153891
Distribution oil Total 3609283 | 893913
< 400 480596 64540
400 kVA -
630 kVA 176119 88119
> 630 kVA 124164 168295
Industry ol Total 780879 320954
< 400 38416 12419
400 kVA -
630 kVA 67084 39906
> 630 kVA 63968 87817
Industry dry Total 169468 140142
All Total 4559630 | 1355009

In the margin Household and commercial service connections ratated to the MV/LV
distribution transformer rating (S). Some ruleslmimb, used by the network operators (e.g.
those communicated by Eandjcan be used to verify the SEEDT data:

- The value of the main fuse is fixed (Imax). Cutyemt Belgium, 40 A is the
default value for a domestic connection, many desajo it was 25 A and the
maximum is 56 A (e.g. with electrical heating omeoercial service).

- A 0.8 Utilisation Factor (UF) is applied to accourior the fact that the
maximum power is seldom used. An utilisation factoll is used when many
connections use electrical heating or heat pump @it conditioning.

- A Simultaneity Factor (SF) is used that accoundd tiot all connections use the
maximum power simultaneously:

01 for an individual connection;

00.75 for a group of detached houses;

00.6 for apartments and/or attached houses;

0l when many connections use electrical heating eathpumps (air
conditioning).

- Transformer rating (S) is the sum of Imax x UF x 8R30 (single phase
connections).

In the assumption that the EU-27 households armected on average with Imax
of 33 A and has UF of 0.9 and SF of 0.7, this waelguire a total installed
capacity of 1000 GW. This is more or less the cépas mentioned in Table 2-6
(MV/LV distribution oil total installed capacity 800000 MVA).

19 www.eandis.be&ommunication (2009).
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All (99,99%) MVI/LV distribution transformers arel-ammersed. For industry transformers
about 80% are oil-immersed transformers. Accortin§&D Europe, however, about 50% of
industry transformers is oil-immersed and anotl@6%s dry.

T&D Europe (04/06/2009) reports the followiagerage ratingfor MV/LV distribution and
industry transformers:

Stock EU-25
Sector Average rating (kVA)
Distribution oll 250
Industry oll 630
Industry dry 800

Figure 2-6 and Figure 2-7 (source: SEEDT) contamrendetailed data on kVA relative
distribution in population covering three main sesf MV/LV distribution (=utilities, oil-
immersed), industry oil-immersed and industry gpet

It is visible that utilities operate at lower rajs while industry and particularly dry type
transformers have much higher ratings in averadee bwer rating of utilities can be
explained by transformers that are installed irmlrareas. Figure 2-6 contains more detailed
per country data.
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Figure 2-6: Number and average rating of EU-25 +riNay oil-immersed
distribution(MV/LV) transformers (source: SEEDT)

Figure 2-7: Ratings distribution across populatigssurce: SEEDT)

Details power transformers

In the UCTE* grid excluding the UK and SE 6283 GVA transformeese installed in 2005.
Based on population this can be about +20% takit@yaccount UK and SE, which results in
about 7500 GVA power transformers installed in 2005

! source UCTEwww.ucte.orgINFORMATION UPON THE TRANSFORMERS ON DECEMBER 31@N
GVA) ( Database: 15.04.2009 for year 2005)
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T&D Europe reports about 65000 units installed002
Based on the figures above, the average rating pveer transformer is about 100 MVA.
This figures is also reported as the average rafimgpower transformers by the sector
organisation (members of T&D Europe, 04/06/2009).

(Stakeholders are invited to provide input)

Details DER transformers

Based on the current energy production by windited (about 34 GW, see 8§2.2.2.6) and an
average installed capacity of 2000 kVA (member§&D Europe, 04/06/2009), the current
installed capacity is estimated to amount abol@@Dunits.

(Stakeholders are invited to provide input)

Details small industrial transformers

Stakeholders are invited to provide input)

2.2.1.2 Stock Data: past — year 1990

Table 2-7 presents the EU data on the estimatediatmad installed transformers in 1990.

Considering the figures on number of units cursenibtalled (82.2.1.1) and the electricity

demand within EU-25 (82.2.2.4), the average nundjetransformers installed per TWh

electricity demand was estimated. One can verigéygrediction for 1990 based on the age
distribution (see paragraphs below for more details
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Table 2-7: Estimation of the stock in 1990 basedherenergy demand

Estimations stock 1990
Sector Pieces
MV/LV distribution oil 2692000
Industry oil 598000
Industry dry 127000
Power 45600
DER 250
Separation/isolation ?
Control ?
Safety ?
Speciality ?

(Stakeholders are invited to provide input)

Details MV/LV distribution and industry

If we use the stock figures from the SEEDT studyufies 2004) on MV/LV distribution and
industry transformers with the statistics from Hecg&ic (year 2004) the following average
installed units per TWh electricity demand can akewuated:
o MVI/LV distribution and industry 4559780 units (EU-25) for an electricity demasfd
2973 TWh
1534 units per TWh demand

Based on this calculated figure (units/TWh) and gletricity demand in 1990 (2280 TWh)
the estimated number of MV/LV distribution and ustty units for 1990 is about 3420000
units.

To verify this figure, it is also possible to magstimations for 1990 based on the age of the
transformer stock in 2005. To estimate the aghedd transformers, figures of a case study in
Poland and the Czech Republic are used. As thesetr@s have good transformers
manufacturing tradition, they are considered torepresentative for the general EU-25
situation.

Figure 2-8 shows the analysis of the populationdigibution for the stock transformers till
2005. This indicates that about 50% of the instiaitansformers is more than 20 years old.
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Figure 2-8: Polish population / age averaged p@fi{SEEDT, figures till 2005)

Based on these figures, it can be assumed thatob@¥é total population of 2005 was already

installed in 1990. This means that > 3000000 uméee installed in 1990, taking into account

that about 15% of the installed capacity of 1990 ave been replaced by new ones by 2005
(average lifetime 30-40 year, see § 2.2.1.5).

Details power

For power transformers, the amount is estimatedhenbasis of the electricity demand in
1990. If the stock figures from T&D Europe on pownsformers are used (year 2009) with
the statistics from Eurelectric (year 2009), théofeing average installed units per TWh
electricity demand can be calculated:
o Power: 65000 units (EU-25br an electricity demand of 3200 TWh

about 20 units per TWh

Based on this calculated figure (units/TWh) and gleetricity demand in 1990 (2280 TWh)
the estimated number of power units for 1990 isO@5@NIts.

Details DER transformers

To be completed

Details small industrial transformers

Stakeholders are invited to provide input)

2.2.1.3 Market Data: 2004-2005

The data for transformers sold in EU-25 countra@s2004 is shown in Table 2-8.
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On average, in 2004, about 137000 MV/LV distribntio and industry distribution
transformers have been sold annually in Europeeifay with small distribution transformers
below 25 kVA and power transformers > 20 MVA, thember of transformers sold in Europe
per year exceeds the 200000 pieces.

Table 2-8: Summary of the number of distributi@nsformer sold on the market (SEEDT,
figures 2004 and members T&D Europe (2009))

Sold transformers in EU-25
Sector Rating Pieces MVA
<400 55099 6886
MV/LV distribution 400 kVA - 630 kVA 22944 12129
oil > 630 kVA 5884 7823
Total 83927 26837
<400 22887 3062
Industry o 400 kVA - 630 kVA 8237 4140
> 630 kVA 5893 7847
Total 37017 15049
<400 2559 519
Industry dry 400 kVA - 630 kVA 5333 2863
> 630 kVA 7818 10718
Total 15710 14100
Power oil Average 115 2000 230000
DER dry Average 2000 ?7? ??
Separation/isolation 25 ?7? ??
Control 11 ?7? ?7?
Safety 25 ?? ??
Speciality ?7? ?? ??

These figures are much lower than those founderPttodcom market statistics (8§ 2.1.2). This
could be explained by the fact that the SEEDT g¢atdably did not take into account the
small (<25kVA) industrial transformers.

Details MV/LV distribution

MV/LV distribution new transformers (market) arelpabout 3% of existing stock in terms
of installed power (MVA). In terms of number of tgjiit is 2.3% only due to a trend of unit
size increase.

For the energy efficiency scenario, the SEEDT stusgd a replacement rate of 2.5% for
electricity distribution companies, equivalent tbyears average technical lifetime.

The MV/LV distribution transformers currently solthve an average rating of 400 kVA
(T&D Europe, 04/06/2009).

Details Industry

Industry oil-immersed transformers market is estedat almost 5% while industry dry type
transformers market at about 10% of existing s{@tkhis case both units and capacity rates
are similar).
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For the dry transformers used in the industry, dacement rate of 3.33% (equivalent to 30
years technical lifetime) and for oil-immersed sfmmmers, a replacement rate of 4%
(equivalent to 25 years technical lifetime) weredus

The industry transformers currently sold have aeraye rating of 1000 kVA for oil-
immersed and 1250 kVa for dry type transformers@PTBurope, 04/06/2009).

Details power

According to T&D Europe, the sales in 2005 of powansformers was about 2000 units.

Details DER dry

(Stakeholders are invited to provide input)

Details small industrial transformers

Stakeholders are invited to provide input)

2.2.1.4 Market growth

T&D Europe reports a growth figure of 3% per yaatarms of numbers of units, based on a
manufacturers assessment which takes into acchentplacement rate of transformers (see
§2.2.1.3). For new installed transformers the ghogén be estimated based on the predictions
for future electricity consumption (see §2.2.2.4).

The following assumptions were made:

- Stock is relative to energy consumption of 1990 argjections for 2020. This allows
to calculate ‘New installation sales per annum’.

- ‘Replacement sales per annum’ were derived fronegitienated product life time.

- As a model simplification the rating of the tramsher was kept constant, this might
be arguable because average transformer rating gool in residential applications
(250 KVA > 400 KVA) or wind turbines size (DER, 360/A > 7500 KVA). A stock
and replacement model, taking this into account)ldide far to complicated and it
might not contribute to the purpose of this studpwever, at the end a sensitivity
analysis would be required to verify the impactios assumption, i.e. replacing 250
KVA with a 400 KVA MV/LV distribution transformerThe most representative
stock ratings anno 2005 were used.

- In power transformers, the replacement sales vievath the total sales in 2005 close
to the total figure received from T&D Europe (May®).

27



Energy using Products Analysis Distribution andviger transformers

Table 2-9: Summary of the market parameters

New installed sales Total sales
Replacement
Transformer type 1990- 2005- sales
2005 2020 1990 2005 2020
% p.a. % p.a. % p.a. units p.a. | units p.a. | units p.a.
MV/LV
Distribution
transformer (oil) 1,9 14 2,5 118.443 140.400 173.891
line voltage
restorers 1,9 1,4 2,5 ? ? ?
DER LV/IMV
transformers 34 10,5 4 95 2.900 13.050
Industry  MV/LV
oil transformer 1,9 1,4 4 35.294 43.200 53.505
Industry  MV/LV
dry transformer 1,9 14 3,3 6.652 8.047 9.966
Power transformer 1,9 1,4 1,4 1.588 1.802 2.232
Phase 1,9 1,4 1,4 16 18 23
Separation/isolation 1,9 1,4 10 ? ? ?
Control 1,9 1,4 10 ? ? ?
Safety 1,9 1,4 10 ? ? ?
Speciality 1,9 14 10 ? ? ?

(Stakeholders are invited to provide input)

2.2.1.5 Average product lifetime

MV/LV distribution transformers have an averagehtacal lifetime of 40 years. Industry and
DER transformers have a technical lifetime of 8530 years. For power transformers the
average technical lifetime is higher > 40 years.

Stakeholders are invited to provide input.

2.2.2 Additional MEEuUP market parameters

Some additional market model parameters are defifieese parameters are used to correct or
double check Eurostat or other available marked dad to assist in predicting 2020 growth
rates for the scenarios and assessment of the ingpantroducing more energy efficient
transformers in Europe (82.2.2).

2.2.2.1 Transformer design

According to figures from T&D Europe (meeting 04néu2009) currently all transformers
have Si-steel cores (only 0.0001% amorphous cokég3t transformers have Cu windings
(80-90%), and the rest (10-20%) have Al windings.
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2.2.2.2 Energy efficiency and short circuit impedan  ce data

The current average losses in transformers acaptdithe sector organisation (T&D Europe,
2009) are included in Table 2-10.

Table 2-10: Summary table on the efficiency los$ekstribution transformer (T&D Europe,
2009) EU-257?

Sector Average rating (kVA) Average( Cvt;-load loss| Average load loss (W
MV/LV stock 250 650 3250
distribution 750
oil sales 400 4600
) stock 630 1300 6500
Industry oll
sales 1000 1700 13000
stock 800 2500 10000
Industry dry
sales 1250 2800 13100
stock 100000 80000 300000
Power
sales 100000 ~? 80000 300000
stock 2000 ? ?
DER
sales 2000 ? ?
Small stock 1-25 ? 5
industrial 3
transformers| sales 1-25 ' ?

Comparison between the reported average lossethandU standard (EN 50464-1) clearly
indicates that the current stock and market ofrorliersed transformers consist of Ck/Dk EO
to Ck DO class transformers (see Task 1 for théamgpion of these classes).

Stakeholders are invited to provide input.

About the typical transformer short-circuit impedae:

In some cases, transformers are available witreeittw (4 %) or high (6 %) short-circuit
impedance. As can be concluded from standard EN64&Q4for the same class and rating
losses are higher for transformers with higher tsbiocuit impedance.

Transformers as well as grid connected electromagrgenerators are amongst other
characterised by this short circuit impedance gaf#Z) that can be found on the transformer
or generator nameplate. This impedance ratingasae to transformer short circuit power by
S(VA)x100/(%Z)

which is an important technical parameter in eieatgrid protection schemes.

Extra background information energy efficiency:
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Figure 2-9 presents details on the overall enef§giency of MV/LV distribution and
industry distribution transformers for the EU-2%untries. General observations are that:
- the average energy efficiency is 93.38%;
- not all countries have the same approach on ereffigyency/load losses; however
this can be related to the different load profitel &lectricity prices from country to
country (see Task 3).

Figure 2-9: Energy efficiency of distribution trdosmers in EU-countries: stock and market
(SEEDT)

The ERGEG position paper (ERGEG, 28)®resents details on the level of the losseseén th
European electricity power and distribution netwddeneral observation is that the average
energy loss is 1.5%. These losses include thedasgs the distribution cables. This indicates
that the efficiency of power transformers is algeaery high, > 99%.

2.2.2.3 Total inhabitants and households in EU-27

The table below gives an overview of the numbembhbitants for the EU-25 grouped by
region —middle, north, south and east- for theregiee years 1990, 2005 and 2010.

Table 2-11: Overview of the number of inhabitantthe EU-27 region (Eurostat)

| Region | Population (thousands) |

12 European Regulators’ Group for Electricity and GBRGEG), Treatment of Losses by
Network Operators - Position Paper for public coltation’, Ref: EO8-ENM-04-03, 15 July
2008
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1990 2005 2020
EAST 60000 57120 55948
MID 267257 282900 293617
NORTH 26569 26739 27697
SOUTH 116563 124264 136575
TOTAL | 470388 491024 513838

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

Table 2-12: Overview of the number of househaldhe EU-27 region (source:
REMODECE project)

Region 2005
millions
EAST 39,7
MID 113,7
NORTH 9,5
SOUTH 47,6
TOTAL 210,5

2.2.2.4 Electricity Use Total EU-27 in all sectors

Based on the figures from Eurelectric (report 200@) total energy demand for EU-25 (RO
and BG not included as they accessed in 2007 Vengn Table 2-13 for the reference years
1990, 2005 and 2020.

Table 2-13: Annual energy demand in EU-25 (Eurelecteport 2006)

Total energy demand (TWh)

1990 2005 2020
Final consumption] 2 072.2 27716 3431.
Network losses 155.9 199.0 241.3
EU-25 2228 2973.1 3673.3

Based on national growth rate forecast and recondgidnal consumptiony the electricity
consumption is expected to grow with an average@ngrowth rate of +1.6%.

It is not possible to tell whether the reportechdi® actually match the EU “20-20-20" targets:
overall energy savings and cuts in £#nissions may result in increased electric consiamp
in place of other fuels, such as petroleum in cars.

13 UCTE estimates are based on the national consungatic?007 (source UCTE SAR 2007 report)
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The electricity consumption thus continues to iaseeall over the EU. The biggest growth
rates are expected in eastern and southern cauainigk especially in Bulgaria, Slovenia and
Greece, as shown in Figure 2-10.

Figure 2-10: Electricity consumption average growdite from 2010 to 2015 (UCTE, 2009)

Eurostat also reports on the total energy demandgmtor, see Table 2-2.

Table 2-14: Energy demand and average load peos@ttEU27 in 2005.

Annual demand | Avg load
TWh MW
Household 795 90753
Other utility (services) 758 86530
Transport 74 8447
Industry 1136 129680
Total 2763 315411

2.2.2.5 Electricity use in households in EU-27

Table 2-15 shows 2005 electricity consumption ind&holds by region. It is clear that middle
Europe uses more electricity and thus has theagepotential for reduction.

Table 2-15: Household electricity consumption 2(B&rostat)

Region Electricity Consumption (TWh)
2005
EAST 52
MID 506
NORTH 79
SOUTH 163
TOTAL 800
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The following table shows the electricity consuroptin 2005 based on figures from JRC
(JRC, Electricity consumption and efficiency trendsthe enlarged European Union, status
report 2006). Based on the estimations from JR@emotential savings till 2035compared

to the BAU scenario, the electricity consumptior2015 is calculated.

Table 2-16: Electricity consumption 2005 and patdrelectricity consumption by 2015
(BAU) (JRC , 2006)

Electricity Realistic electricity | Ambitious electricity
consumption 2005 | consumption 2015 | consumption 2015
(TWhlyear) (TWhlyear) (TWhlyear)
DESWH" 65 63 45
Office equipment 60 50 30
Standby 44 24 14
Residential lighting 95 79 51
Main domestic appliances 165 121 105
Commercial lighting 185 149 113
Electric motor systems 707 647 5007
Total (res. + motor) 1321 1132 886

The REMODECE project (IEEA programme) reports tame amount of residential energy
consumption for 2005, viz. 799 TWh. This reporta¢stimates a potential energy reduction
of about 268 TWh per year. The estimations of tiergy reduction potential of JRC indicates
the same order of magnitude as shown in the REMUODRfject. This energy reduction
could be achieved by using the best available ®olgy in the market.

2.2.2.6 Impact of the share of RES EU-27 on the tra nsformer market

The share of Renewable Energy Sources (RES, otrer hydro) in total electricity
production in 2005 for EU-25 was 139.5 TWh (Eurtiecstatistics 2005). This is about 5%
of the total electricity production in the EU-2%Rbout 34 GW of the RES capacity is wind
energy (UCTE, 2009).

The generating capacity with RES as primary enshguld continue to increase at a solid but
deceleratinlf pace. The average annual growth rate for RES @tz hydro) capacity, as
presented by UCTE (2009), would be of about +17% up to 2010, the@B%Lp to 2015 and
+5.5% up to 2020 (see Figure 2-11).

% The energy savings potentials are based on thérieigcsavings which will be delivered by the eger
efficiency policies and programmes.

!> Domestic Electric Storage Water Heaters (DESWH)

6 RES capacity growth rate from 2006 to 2007 was%2Bd +21.5% from 2005 to 2006 (source UCTE SAR
2007 Report)

" Union for the Co-ordination of Power of Electri¢itt UCTE) is the association of power system opEstn
continental Europe, including: Austria, Bosnia Hagavina, Belgium, Bulgaria, Switzerland, Czech Rsjoy
Germany, Denmark West, Spain, France, Greece, i@ro&tungary, lItaly, Luxembourg, Montenegro,
Macedonia, Netherlands, Poland, Portugal, Rom&mehia, Slovenia, Slovak Republic
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The share of RES (other than hydro) in the ingdajienerating capacity in continental Europe
would then reach about 180 GW in 2020, with ca.@B86wind energy and 19 GW solar
energy.

Figure 2-11: UCTE RES (other than hydro) generatiagacity forecast under the scenario
which takes into account potential future developisie

According to the UCTE (UCTE, 2009) RES capacityuddaemain mainly wind capacity for
about 75% up to 2020 (see Figure 2-11). The aveaageal growth rate of wind capacity
would be almost +13% up to 2013 with the greatesivth rates in Eastern Europe and 6% up
to 2020. According to EWEA (EWEA, 2008) only 0.5 GW was installed in 1990. In 2007,
turbines of the MW-class (above 1 MW) representechaaket share of more than 95%.
EWEA (EWEA, 2009) refers to a typical wind turbioe2 MW.

Solar capacity should count for 8.7% of the tot&lSRcapacity in 2015 and above 10.5% in
2020. The average annual growth rate of solar dgpiacforeseen to about 20% up to 2013
and 12% up to 2020.

¥ EWEA (2009): WIND ENERGY - THE FACTS EXECUTIVE SUMARY
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Figure 2-12: RES (other than hydro) share in th&éoreal generating capacity in 2013, taking
into account potential future developments (UCTEDD

Figure 2-12 shows that, in 2013, the biggest shalr&ES capacity (other than hydro) in total
generating capacity are expected in Portugal (3Z3&ymany and Spain (28%) and finally
Greece (21%).

2.3 Market trends

These paragraphs provide insights in the lateskebdrends which will be useful to identify
potential base-cases and evaluating their improunepaential in task 6.

2.3.1 Trend to increase the stock of residential di stribution transformers

Total electricity consumption in the residentiattee in the EU-27 has grown during recent
years at almost the same rate as the economy.abim@hds are observed in the tertiary sector
and to a lesser extend in the industry (JRC, 2007).

However, it is expected that the energy consumpiiothe residential sector will decrease
during the coming 10-15 years. Indeed, energyiefiy policies and programmes in EU and
national level lead to the replacement of installesk energy-efficient equipment with new
more efficient equipment. Within 10 to 15 years Wigle stock will be replaced and the full
effect of the policy measures has taken place. Wilidead to annual electricity savings (see
§2.2.2.5).

On the other hand, the distributed electricity maitbn will increase. On-site production
minimises power and distribution losses as welthasrelated costs, which are currently a
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significant part (> 30%) of the total electricitpst. Distributed generation will play an
important role in future electricity production,clnding many RES and CHP plants. These
plants will supply small-scale power at sites claséhe users. This trend to more distributed
power generation will require the installation efndistribution transformers.

This trend is reflected in the projected marketifigs (see § 2.2.2.5 and § 2.2.2.6).

2.3.2 Trend to increase the distribution transforme r stock utilised in
decentralised renewable energy production

In 2001, the EU adopted a Directive on electrigtpduction from RES. This Directive

includes national targets for the Member Stateartigg the future consumption of electricity
produced by RES. Within this regulatory framewo?2% of the electricity consumption

should be produced from RES by 2020. Variable retdsvenergy output inevitably requires
to be supplemented by separate distribution tramsfs to secure a stable energy supply.

This trend is reflected in the projected marketifes (see 2.2.2.6).

2.3.3 Trend towards more power transformers install ed in offshore wind farms

Wind energy is an important RES, with some areasEwfope achieving a significant
percentage of total generation capacity. Currethity largest wind turbine deliver up to 4.5
MW with typical commercial installations rated at52.5 MW. Growth in wind power

generation is significant (see 8 2.2.2.6). Theailhstion of new wind farms will require new
distribution transformers to supply this energytte electricity net or to the users.

This trend was not reflected in the projected migiigerres on power transformers.

Stakeholders are invited to provide input.

2.3.4 Trend towards more power transformers used fo r European
interconnection lines

Electricity networks across EU are 40 years oldnore and are fast approaching the end of
their design lives. Many national grids requirdsantial investment in updating, with the
replacement of existing networks and the intercoting of networks.

The EU has set up a framework for the transitiowarals interconnected grids using a
common European planning and operational systemstsl first guidelines for a trans-

European energy network, the EU has identified Bifdastructure projects which have
significant impact on the cross-border power. The vl need to invest €6000 million for

electricity power to address the priorities of tiens-EU energy network guideline.

This trend was not reflected in the projected migiigerres on power transformers.
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Stakeholders are invited to provide input.

2.3.5 Duration of the redesign cycle of a distribut  ion transformer

2.3.5.1 Timeframe to produce more efficient transfo  rmers using the same
production lines

The timeframe to produce new transformers on theesproduction line is variable and

depends of the manufacturer, the needs of the ihardethe specifications required by the
purchaser. The time to make type test and speesl is also important. However, the
timeframe to achieve such modification is betweem@nths and 1 year (T&D Europe,

04/06/2009).

It is necessary to note that new transformers loitler losses lead to bigger transformers with
bigger components. The time necessary for the ptamuof transformers increases and the
capacity to produce the number of unit decreaseswveder during the last years the
transformers manufacturers have increased thetdugtmn capacity. The replacement of the
currently installed inefficient transformessobably will not be problem.

2.3.5.2 Timeframe to produce more efficient transfo  rmers and change
production lines

In this case, the time frame will be much longéarhorphous transformers will become the
standard, several problems will have to be solved:
Agreement of the transformer following EU specifioas (short circuit). Only one or two
manufacturers are today ready to manufacture sti@msformer with successful tests.
Development of the rated power over 1000 kVA ndedse studied.
Capacity of the manufacturers of amorphous steedtrba increased, with 5-20 times
current capacity.
Production lines of the transformers manufactustrsuld be changed for the magnetic
core production and probably for the constructibnhe coil according to the design of
the manufacturer.

These changes take at least 3 to 5 years to bg teadanufacture at full capacity amorphous
transformers. However, it will be probably possibie begin to produce amorphous
transformers in one year in certain companies.

Stakeholders are invited to provide input.

2.3.6 Major manufacturers and market players

The main industry players for this product groupe #&ig international groups producing
transformers (Areva, ABB, Schneider electric (Feandransfo), Alstom, Pauwels
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Transformers, Siemens, SMIT transformers, GE, Hitaf as well as their material suppliers
(Cumerio, Acelor Mittal, Corus, Alcoa, Hitachi Mé&a(METGLAS), ThyssenKrupp Steel
AG ..)). Orgalime is the representative of theidial Associations of European Transformer
Manufacturers.

Nevertheless, SMEs are also active in transformedyction, especially for niche smaller
industrial applications transformers. Amorphougkteansformers are manufactured by, o.a.:
BEZ (SK), Hitachi and Hexaformer (S).

Transformers for industrial applications are mdstro sold and installed by SMEs in a B2B
market. Sales to utilities is often directly frohetmanufacturer to the MV/LV distribution , in
some cases SMEs have service contracts with esilitr installation.

To be completed

Manufacturers of transformers < 50 kVA
Some manufacturers of the smaller industrial tiamsérs (LV/LV or LV/SELV) (see chapter
1 for discussion of scope) are: AREA, Schrack, ..

To be completed

Stakeholders will be enquired to provide data.

2.3.7 Trend to retrofit PCB containing transformers

To be completed.
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2.4 User expenditure base data

2.4.1 Transformers prices

The price of a transformer depends on the pricéhefraw materials, and of course the
specific wishes of the client. As the market of mraaterials is very dynamic and specification
of transformers differ from client to client, avgesinvestment costs are hard to compare.
The manufacturing costs can be defined as:

Cmanufacturing: Cfixed + Ccor(JvI core t CcoillvI coil

with:

Canufacturing= the manufacturing cost

Clixed = the transformer fixed cost

Ccore = the core material cost

Ceoil = the cost of the raw material of the coil
M core = the total mass of the core in kg

M coil = the total mass of the coil in kg

Material pricing is critical because the transforngest is calculated based on the bill of
materials that includes steel, conductor, mineraltank dimensions, etc. If material prices
increase so will the price of the transformers.

The SEEDT study presented graphs on the influeictheo cost of raw materials on the
transformer investment cost, see Figure 2-13 agdr€i2-14.

Figure 2-13: Oil transformer prices in differentctanologies
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Figure 2-14: Dry transformer prices in differenttenologies

Furthermore, energy efficient transformers tenthtorporate more materials (e.g. kg of core
steel and conductor), as shown in the figures gbmaking the impact of more expensive
materials even more significant at higher efficieac The most energy-efficient technologies
are not yet produced or used in the European market

This makes it difficult to estimate an average stagent cost for distribution transformers.

The total or operational cost of transformer isaot#d by adding the manufacturing costs to
the no-load loss costs, the load losses consideridgily loading cycle (which needs to be
defined per specific application - see task 3),nfa@ntenance cost and end-of-life cost.

Ctotal = G’nanufacturind’ C\N0+ CWL + G’naintenance‘*’ Cend-of-life

with:

Cootal = total cost of transformer

Cranufacturing= transformer cost

Chaintenance= COSt to the consumer of maintaining operations
Cend-otife = COst for reconditioning, refurbishment or replaeat

Cwo = the cost of no-load losses
= (LIC + EL*AF*HPY / CRF) * no-load loss in W
CwL = the cost of load losses

= (LIC + EL*LF*HPY / CRF) * load loss in W
with:
LIC =levelised annual generation and power systezestment cost in €/W
EL = cost of electricity in €/ kWh
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AF = transformer availability factor = proportioof time that is predicted to be
energized
HPY = hours of operation per year, typically 8T&urs
CRF = capital recovery factor
= (i* () ) 7 ((@+iP-1)
with i = discount rate
BL = number of years of the transformer |ifiedi
LF = loss factor derived from the load factoy),(i.e. the mean transformer
loading over its lifetime, represented as an edenta% of its nominal
power

=0.15 * } + 0.85*
Hence there is a clear link with the commodity esi¢or the core and coil.

Information from T&D on prices to be added

2.4.2 Transformer commodity prices

From the previous section, it is clear that thegfarmer prices are strongly dependent on the
transformer commodities prices.

The SEEDT study referred to data of the German faédatistical Office which showed
steel prices of 2007 being 103% of the 2005 preell, and copper prices being 164% of the
2005 price level. These variable market trendsteel prices were confirmed by T&D Europe
(meeting 17/03/2009). T&D Europe indicates a speiele of €1 per kg steel and €3-3.5 per kg
amorphous steel (year 2009). In the report from lti& department of Energy (DOE,
September 2007), the following prices were useelTable 2-17.

COTREL provides monthly ‘Transformer Commoditieditres’ that are used by the sector to
index transformer prices. To be completed. Inforamafrom T&D on prices to be added

Table 2-17: Overview of material prices for liqurdmersed and dry-type transformers in
€/kg (DOE, September 2007)

2002-2006 averagqd 2002-2006 average 5
Material 5 year material year marked up
price in €/kg material price in €/kg

Liguid immersed transformers
M2 core steel 1.96 2.82
M3 core steel 1.79 2.58
M4 core steel 1.72 2.48
M6 core steel 1.55 2.23
mechanically-scribed core steel 2.5 3|95
amorphous - fished core, volume productipn 3.61 7%.1
copper wire, formvar, round 10-20 4.36 6.30
copper wire, enamelled, round 7-10
flattened 4.42 6.37
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2002-2006 averagqd 2002-2006 average 5
Material 5 year material year marked up
price in €/kg material price in €/kg

copper wire, enamelled, rectangular sizes 473 5.82
aluminum wire. formvar. round 9-17 2.58 3.¥2
aluminum wire. formvar. round 7-10 2.62 3.¥7
copper strip. thickness range 0.020-0.045 4.54 5.55
copper strip. thickness range 0.030-0.060 4.41 5.35
aluminum strip. thickness range 0.020-0.045 2.87 14 4.
aluminum strip. thickness range 0.045-0.080 2.82 07 4.
kraft insulation paper with diamond
adhesive 2.79 4.02
mineral oil 3.09 4.36
tank steel 0.74 1.08
Dry-type transformers
domain refined core steel 2.14 3.1
M3 core steel 1.81 2.60
M4 core steel 1.72 2.48
M5 core steel 1.64 2.36
M6 core steel 1.60 2.31
M19 core steel (26 gauge) 1.03 1.49
M36 core steel (29 gauge) 0.95 1.35
M36 core steel (26 gauge) 0.86 1.p5
M43 core steel (26 gauge) 0.81 118
rectangular copper wire 0.1 x 0.2. Nomex 4(85 g.99
rectangular aluminum wire 0.1 x 0.2.
Nomex 3.48 5.03
copper strip. thickness range 0.20-0.045 5.05 7.28
aluminum strip. thickness range 0.20-0.045 2.87 441
Nomex insulation 30.64 44.16
Cequin insulation 18.70 26.95
impregnation (per liter) 3.71 5.22
winding combs 31.36 44.11
enclosure steel 15.99 23.07

2.4.3 Electricity prices

Electricity prices vary significantly in EU. In dacountry also these prices are influenced by
the consumer level. Eurostat has different datatHerindustry sector, considering average
prices and prices for SME’s. For this study it isgpsed to use the prices of large industrial
consumers except for DER transformers, becauseahsformer losses are either paid by the
network operator for domestic users and for langlistrial users by themselves.

Table 2-18: EU-27 Electricity Tariff, €/kWh

2005 2006 2007 2008
Medium size households 0.1013 0.1068 0.11738 0.1211
Medium size industries 0.0672 0.0752 0.082 0.09
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Large industrial standard 0.0589 0.06715 0.07115
consumers
Average 0.0848 0.0914 0.0997 0.1077

For DER electricity pricesare subsidised and significantly higher, theref@aké countries
implement a Renewable Energy Certificate SystemQRE The systeM advocates a
standard certificate as evidence of the produactiom standard renewable energy quantity and
provides a methodology which enables renewableggniade. This enables a market for
renewable energy to be created, so promoting thvelalement of new renewable energy
capacity in Europe. Price statistics can be foumthe website and vary abdi@.3/kWh

2.4.4 Repair and maintenance costs

There is little maintenance schedules for transéwsmit consists of annual checks for dust
build-up, vermin infestation, and accident or liggtdamage.

Repair costs are associated with the replacemehtepair of components that have failed
e.g. transformer oil must be periodically filteradd exchanged because this degrades over
time and loses its insulating qualities, Fire-egtiishing equipment must also be maintained.

It can be assumed that these repair and mainter@ste will not change with increased
efficiency.

2.4.5 Interest and inflation rate

To be completed

19 \www.recs.org
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