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1. ANNEXA COMPARISON OF END-OF-LIFE IN MEEUP (LOT
2) VERSUS MEERP (REVIEW) RESULTS

Results from MEEuUP Ecoreport tool (2005) for BC1 - Distribution transformer AO+Ak

| Life cycle Impact per product: | DatelAuthor

BC1 - Distribution transformer AO+Ak 0 BIO
Life@dephages -—> PRODUCTION DISTRI- USE END-OF-LIFE* TOTAL
Resources Use and Emissions Material | Manuf. Total BUTION Disposal | Recycl. | Total
Materials unit
Bulk Plastics g 557967 557967 0i 557967 0
TecPlastics o] 0 0 0 0 0
Ferro g 1421195 142121406983 1421195 0
Non-ferro g 548028 5480 542548; 548028 0
Coating g 12067 121; 11947: 12067 0
Hectronics o] 0 0 0 0 0
Misc. g 62679 627; 62052; 62679 0
Total weight g 2601937 578407} 2023530} 2601937 0

see note!

Other Resources & Waste debet credit
Total Energy (GER) MJ 179077{ 39733 218810 4917} 1200258 39326; 30550 8776 1432760
of w hich, electricity (in primary MJ) {MJ 5697 23796 29493 12} 1197161 0 0 0f 1226666
Water (process) Itr 5899 354 6253 0 79854 0 0 0 86107
Water (cooling) Itr 8581} 11100 19681 0} 3191839 0 0 0} 3211520
Waste, non-haz./ landfill g 9893055 132181} 10025236 2039} 1487951 31898 0: 31898 11547124
Waste, hazardous/ incinerated g 553 3 556 41 27585 557967 0: 557967 586149
Emissions (Air)
Greenhouse Gases in GWP100 kg CO2 eq. 7711 2212 9923 290[ 52423 2932 2280 652 63289
Ozone Depletion, emissions mg R-11 eq. negligible
Acidification, emissions gSO2eq. | 128579{ 9544{ 138123 888 309667 5840 2856 2984 451662
Volatile Organic Compounds (VOC) ig 867 7 875 90 479 86 39 46 1490
Persistent Organic Pollutants (POP) ing i-Teq 32101 580 32681 12 8172 236 0 236 41100
Heavy Metals mg Nieq. 27558{ 1358 28917 103 21083 10564 0! 10564 60667
PAHs mg_Ni eq. 23068 7 23076 195 2849 0 1 -1 26119
Particulate Matter (PM, dust) g 6563] 1470 8033 14975 11073 49587 48; 49538 83619
Emissions (Water)
Heavy Metals mg Hg/20 13784 1 13784 3 7855 3316 0 3316 24958
Eutrophication g PO4 431 20 451 0 41 190 0 190 682
Persistent Organic Pollutants (POP) negligible

Month Year I 5
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Results from MEErP Ecoreport tool (2014) for BC1 - Distribution transformer A0O+Ak

Life Cycle phases --> PRODUCTION DISTRI- USE END-OF-LIFE
Resources Use and Emissions Material Manuf. Total BUTION Disposal Recycl.
unit
1|Bulk Plastics g 4267 43 2371 1940 0 [
2|TecPlastics g 0 0 0 0 0 0
3|Ferro I 1421195 14212 71770 1363636 0 ]
4|Non-ferro g 548 028 5480 27675 525833 0 [
5|Coating g 0 0 0 0 0 0
6 |Electronics g 0 [ 0 0 0 []
7 |Misc. g 40981 410 14073 27318 0 ]
8|Extra g 575398 0 226 649 354503 0 -5 754
9|Auxiliaries g 0 0 0 0 0 0
10 |Refrigerant g ) ) 0 0 0 0
Total weight g 2589870 20145 342539 2273230 0 -5 754
see note!
Other Resources & Waste debet credit
11|Total Energy (GER) ) 146513 17114 163 627 4485 1027350 1237 -51818 1144881 0
12 |of which, electricity (in primary MJ) iMJ 4971 10179 15151 12 1025935 0 -1842 1039 256 0
13 |Water (process) Itr 3076 149 3225 0 31 0 -759 2497 []
14| Water (cooling) Itr 3947 4677 8624 0 45 634 0 -955 53304 0
15| Waste, non-haz./ landfill g 2017086 61308 2078394 2039 548 844 24069 -770 364 1882981 [
16 |Waste, hazardous/incinerated g 306 3 309 41 16189 0 -109 16 430 0
Emissions (Air)
17 |Greenhouse Gases in GWP100 kg CO2 eq. 7497 957 8454 290 43 866 2 -2 834 49779 o
18| Acidification, emissions 8502 eq. 127819 4133 131953 887 195056 73 -48 552 279418 ]
19 |Volatile Organic Compounds (VOC) ig 867 6 873 90 22920 0 -242 23641 0
20 |Persistent Organic Pollutants (POP) ingi-Teq 32097 580 32677 12 2715 14 -12 300 23117 [
21|Heavy Metals mg Nieq. 27543 1346 28890 103 10648 32 -10474 29199 0
22 |PAHs mg Nieq. 23065 5 23071 195 2624 0 -7651 18239 ]
23 |Particulate Matter (PM, dust) g 6377 635 7013 14971 4167 36 -2412 23775 0
Emissions (Water)
24 Heavy Metals mg Hg/20 13620 44 13664 3 4552 4 -5223 13 000 [
25 Eutrophication g P04 629 7 636 0 200 62 -178 720 o
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2. ANNEXB MEERP TOOL (2014) INPUTS

MATERIALS Extraction & Production Weight Category Material or Process Recyclable?
Description of component ing Click &select select Category first !
1 Core steel 865000,0 3-Ferro 22 -Stsheetgalv.
2 Aluminumwire 123000,0 4-Non-ferro 27 - Alsheet/extrusion
3 Copperwire 336000,0 4-Non-ferro 29 - Cu winding wire
4 Coppersheet 89028,4 4-Non-ferro 31-Cutube/sheet
5 Steeltank h 556194,7 3-Ferro 23 - Sttube/profile
6 Paper 33360,8 7-Misc. 58 - Office paper
7 Resin 0,0 2-TecPlastics 15 - Epoxy
8 Ceramic 12553,4 8-Extra 104-ceramics
9 Oil 553700,0 8-Extra 102- Mineral oil
10 Cardboard 7620,4 7-Misc. 57 - Cardboard
11 Nomex 0,0 2-TecPlastics 20 - Aramid fibre
12 otherplastic parts 4267,4 1-BlkPlastics 2 -HDPE
13 Wood 9144,5 8-Extra 103- Wood

MANUFACTURING Percentage Category index (fixed)
Description Adjust
201 OEM Plastics Manufacturing (fixed) 4267 21
202 FoundriesFe/Cu/Zn (fixed) 0 35
203 Foundries Al/Mg (fixed) 0 36
204 Sheetmetal Manufacturing (fixed) 1077028 37
205 PWB Manufacturing (fixed) 0 54
206 Other materials (Manufacturing already included) 1508574
207 Sheetmetal Scrap (Please adjust percentage only) 53851 5% 38

DISTRIBUTION (incl. Final Assembly) Answer Category index (fixed)
Description

208 Isitan ICT or Consumer Electronics product <15 kg ? NO 60

209 Isitan installed appliance (e.g. boiler)? YES 61

63

210 Volume of packaged final product in m? inm3 4,38 64

65
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USE PHASE direct ErP impact

Description

ErP Product (service) Life inyears 40

Electricity

On-mode: Consumption per hour, cycle, setting, etc. 2849,680948

On-mode: No. of hours, cycles, settings, etc. / year 1

Standby-mode: Consumption per hour 0

Standby-mode: No. of hours / year 0

Off-mode: Consumption per hour 0

Off-mode: No. of hours / year 0
TOTAL over ErP Product Life 113,99

Heat

o

Avg. Heat Power Output

o

No. of hours / year
Type and efficiency (Click & select)
TOTAL over ErP Product Life
Consumables (excl, spare parts)
Water
Auxilliary material 1 (Click & select)

0
0
Auxilliary material 2 (Click & select) 0
Auxilliary material 3 (Click & select) 0

0

b
Refrigerant refill (Click & select type, evenifthere isnore

Maintenance, Repairs, Service
No. of km over Product-Life 500

Spare parts (fixed, 1% of product materials & manuf.) 25899

years

kWh

kWh

kWh
#
MWh (=000 kWh)

m?/year
kg/ year
kg/ year
kg/ year
kg/ year

km /Product Life
g

Subtotals

2849,680948

66

86-not applicable

material

84-Water per m3

86 -None

86 -None

86 -None

3-R404a; HFC blend; 3920

87
1%
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Pos  DISPOSAL & RECYCLING
Description
253 product (stock)life L, inyears Please edit values with red font
current Lyears ago period growth PGin % CAGRin %/a
254  unitsalesin million units/year 0,140 0,000 0,0% 0,0%
255  product & aux. mass over service life, in g/unit 2615768 2615768 0,0% 0,0%
256  total masssold,int (1000 kg) 367,2538811 0 0,0% 0,0%
Per fraction (post-consumer 1 2 3 4 5 6 7a 7b 7c 8 9
o ~
4 * I = -
= ] = 2 @ <)
il g e | o | 5 |.24 & |55 £ g
Sl 8| e £ 1 £ 5,39 % |E%| | 2|z
= o] = c ® o 25 E = = £ S = =
S 9] o <} o K9 = x99 © ) b3 3 S S
@ = o Z [ o |= 0 g ¢ = = o] < <
257 current fraction, in % of total mass (or mg/unit Hg| 0,2% 0,0% | 54,9% 21,2% 0,0% 0,0% 1,6% 0,0% 0,0 22,2% | 0,0% | 100,0%
258 fraction x years ago, in % of total mass 0,2% 0,0% 54,9% 21,2% 0,0% 0,0% 1,6% 0,0% 0,0 22,2% | 0,0% | 100,0%
259 CAGR per fractionr, in % 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0%
current product massin g 4310 0 1435407 553509 0 0 41391 0 0 581152 0 2615768
260 stock-effect, total mass in g/unit 0 0 0 0 0 0 0 0 0,0 0 0 0 |0%
261 EoL available, total mass (‘arisings') in g/unit 4310 0 it 553509 0 0 41391 0 0,0 [581152 0 ittt | 100%
262 EoL available, subtotals ing 4310 1988915 0 41391 0 0,0 [581152 0 ittt
AVG
263 EoL mass fraction to re-use, in % 1% 5% 1,0%
264  Eol mass fraction to (materials) recycling, in % 29% 94% 50% 64% 30% 39% 60% 30%| 85,9%
265 EoL mass fraction to (heat) recovery, in % 15% 0% 0% 1% 0% 0% 0% 10% 0,0%
266 EoL mass fraction to non-recov. incineration, in % 22% 0% 30% 5% 5% 5% 10% 10% 2,3%
267 EoL mass fraction to landfill/missing/fugitive, in % 33% 5% 19% 29% 64% 55% 29% 45%| 10,8%
268 TOTAL 100% | 100% 100% 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100% | 100,0%
EoL recyclability****, (click& select: 'best’, >avg',
269 'avg' (basecase); '<avg'; 'worst') avg avg avg avg avg avg avg avg avg avg avg avg
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Lis product (stock) life =period between product purchased and product discarded

PG=growth rate over period of L years=(value current -value L years ago)/(value L years ago)

CAGR=Compound Annual Growth Rate = (1+PG)A(1/L)-1 ("=to the power)

Eol available mass' or 'arisings'=Total mass available for End-of-Life (EoL) management =recycmax * current fraction * product mass, with
recycmax=1/(1+CAGR)"L,

'stock’ =the surplus (or deficit) of mass in stock (in use or stored with consumer) due to growth (or decline) of the unit sales or the share of the materials
fraction over a period that equals the product life. stock=stock-effect arisings - product mass*current fraction ;'

're-use'=fraction of EoL available mass in components that can be re-used in new products. The generic credit relative to the re-used mass is 75% on all
impacts and for all fractions, takinginto account the impact of collection, sorting, cleaning, etc. (as opposed to MEEuP 2005, where the collection effort was
calculated separately). In case the specific re-use credit found for a specific product deviates from the default it is recommended to adapt the mass fraction

recycling'=fraction of EoL available mass that is recycled for its materials. For metals this is already included in the production impact, based roughly on the
fraction mentioned (values cannot be edited). For plastics, electronics, miscellaneous materials, refrigerants, mercury and the extra materials these values
need to be edited (overwrite default values). The credit relates to the recyled mass and depends on the main virgin material that will be displaced by the
recycled mass, the remainingvalue at final disposal (e.g. heat recovery) and/or avoidance of operations for disposal of hazardous substances (pyrolysis). E.g.
for plastics the most popular displaced material is wood (e.g. 27 MJ/kgis <50% of bulkplastics value) and remainingvalue at final disposal is 50% of the

For electronics (PWBs, ICs, controllers, displays, etc.) main credits come from recovery of metals (Cu, Fe, tin, traces of Au, Pt, Pd), glass (from displays, cullet
displaces virgin material mainlyin fiberglass insulation) and avoidance of treatment of hazardous substances (e.g. Pb, Cd, etc.). Note that the WEEE recast
impact assessment report found official electronics recycling rates to be low (in 2005: 20% for tools, 27% for ITC equipment, 35-40% for TVs/monitors) but
suspects actual, unreported (possibly incorrect) recycling activities to be substantially higher. For miscellaneous materials recycling fractions fully depend on
the materials involved and a weighted average needs to be determined beforehand. For 'Misc.', including refrigerants and Hg, credit comes from re-use after
purification, avoiding treatment as hazardous waste, etc. . For all materials, except metals (where it is assumed to be higher), a credit of 40% on all impacts is
assumed related to the recycled mass. See MEErP Methodology Report Part 2 for more guidance.

'(heat) recovery' =fraction of EoL available mass where the combustion heat is used, e.g. for district heating. In the context of ErP it is assumed to apply only
to plastics and all other materials for which a feedstock energy value is given. The credit is 75% of feedstock energy (net combustion value) and GWP.

'non-recov. Incineration' =fraction of EoL available mass thatis incinerated without heat recovery, either because there is no effective contribution to the
combustion (non-combustibles), the incineration plant has no clients for waste heat, etc.. Impacts of 'incineration'as given in the Unit Indicator table (see
MEErP Methodology Report Part 2, Table 13, row 92) apply.

'landfill/fugitive/missing' =fraction of EoL available mass that goes to landfill, that escapes during use (for substances that are gaseous or evaporate at
atmospheric conditions like most refrigerants and mercury) and that are unaccounted for (illegal dumping etc.). Impacts of 'landfill' as given in the Unit
Indicator table (see MEErP Methodology Report Part 2, Table 13, row 89) apply.

'recyclability' relates to the potential of the new products to change the course of the materials flows, e.g. due to faster pre-disassembly or other ways to
bring about less contamination of the mass to be recycled (see MEErP Methodology Report Part 2). Therefore it is economically likely that the recycled mass at
EoL will displace more virgin material in other applications . The recyclability does not influence the mass balance but it does give a reduction orincrease up
to 10% on all impacts of the recycled mass. It is forward looking, e.g. values different from 'avg' (=base case)should only be filled in for design options.
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INPUTS FOR EU-Totals & economic Life Cycle Costs

Description
Product Life 40 vyears
b |
Annual sales 0,1404 mln. Units/year
!
EU Stock 2,25 min. Units
Product price €8977,51 Euro/unit
Installation/acquisition costs (ifany) €0,00 Euro/unit
Fuel rate (gas, oil, wood) Euro/G)
Electricity rate €0,085 Euro/kWh
Waterrate Euro/m3
Aux. 1: None Euro/kg
Aux. 2 :None Euro/kg
Aux. 3: None Euro/kg
Repair & maintenance costs €0,00 Euro/ unit
Discount rate (interest minus inflation) 1% %
Escalation rate (project annual growth of running costs) 2% %
Present Worth Factor (PWF) (calculated automatically) 27,54  (years)
Ratio efficiency STOCK: efficiency NEW, in Use Phase 1,00

10
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3. ANNEX C QUESTIONNAIRE FOR INSTALLERS ON
TRANSFORMERS CONSTRAINTS AND LIMITATIONS

vito

Muitiple FWC with reopening of competition in the field of Sustainable Industrial Policy and
Construction — Lot 2: Sustainable product policy, ecodesign and beyond

(No 408/PP/2014/FC Lot 2)

Client: European Commission, Directorate-General for Internal Market, Industry, Entrepreneurship
and SMEs

PREPARATORY STUDY FOR THE REVIEW OF COMMISSION
REGULATION 548/2014 ON ECODESIGN REQUIREMENTS FOR SMALL,
MEDIUM AND LARGE POWER TRANSFORMERs
Questionnaire for Installers on Transformers constraints and
limitations

Dear Madams and Sirs,

Thisenquiry isdesigned to gather data to determine the effect that Tier 2 efficiency requirements
would have on transformear constraints. More information on the scope of work can be found on the
project website: https://transformers.vito.ba/. This questionnsirs document isintendad to structure
your datz input to reflect the current and future situstion in the transformer market [(EU)
appropriately.

The a2nquiry is 2 joint enquiry with CENELEC CLC/TC14 =nd hence if you have filled in such an
enquiry before you can also send it to share the work for the ongoing study.

Note that VTIO iscommitted to comply with antitrust rules. As z result, the present nquiry does not
require the participants to provide (i) individualized and /or raw information on the technical
specifications of transformers they supply confidentizal to their customers nor {ii) to provide any
other commercially sensitive information. Similarly, the respondents to this enquiry should not
voluntarily provide such information in response to thisenquiryifthisdoes not belong to the public
domazin and/or cannot be disclosed within the report of supplied to the European Commission
services. Thisquestionnairedocument is only intendead to structure your data input to reflect the
current and future situstion inthe transformer markat (EU) appropriately. The primary objective of
this enquiry it to gather sufficient informsation to assess if Tier 2 requirements of EU regulation
548/2014, zpplicable in 2021, zre still tachnologically justifisd.

You are kindly invited to reply to this Enquiry indicating, if possible, what are the most typical values
to be considered in your arez for the different types of transformers.

This enquiry consists of two sections, where data can be provided by filling the proposed tables.
Please add a5 many columns a5 necessary (one column per each transformer). In cass not zll
requested datz are available, feelfres to indicate "N.AY — "Not Availzble” —in the cells with missing
data.

The deadline to submit your answers is December 19th, 2016.

Best Regards,

Paul Van Tichelen on behzlf of the project team
Paul.vantichelen@vito.be
Sentto: transformers@vito.be

VITO NV

MO0 MOL - BELGH urf'w st 4
35511 «Fax« 32 14335599 Hank 3751117354.90ING

vito@@wito be - wwwvito be HEFS 3751 1173 5490 - HBRUBERY

144 195916 APR {Tumbhout)

11
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vito

1st SECTION: TRANSFORMERS GENERAL DATA AND CONSTRAINTS

Transformer category®*!

Rated power®®! of each winding
[MVA / MVA / ..]

Frequency [Hz]

Number of phases

Type (liquid / dry)

Rated voltage of each winding
[kV [/ kV [ ..]

Highest voltage for equipment of
each winding Um [kV / kV / ..]

Vector Group®!

Regulation type®)

Type of cooling®

Impedance®! [3%]

Maximum dimensions’™
(length x width x height) [mm]

Maximum weight [kg]

Minimum clearance between e
parts and ground [mm]

Minimum free distance required
around the transformer [mm]

Please clarify the reason for the
constraints® and the

consequence of exceeding them

(1) Please specify the transformer zpplication by indicating the relevant letter among the
options in the following list:

A. Arc furnace transformer
B. Distribution transformer

12
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vito

Earthing transformer
Generator step-up transformear
Ground mounted distribution transformer
HVDC converter transformer
Medium Voltage (MV) to Medium Voltage (MV) interface transformer
Offshore transformer — Oil platform
Offshore transformer — Wind collector substation
Offshore transformer — Wind turbine
Phase-shifting transformer
Photovoltaic application transformer
. Pols mounted distribution transformer
Rectifier transformer
Starting transformer
Subses transformer
System intertie transformer
Traction transformer for fixad instaliations
Traction transformer for rolling stock
Varizble Speed Drive transformer (VSD)
Wind turbine onshare transformer

cAvmprPozzrAa-~ToOmMmMOO

In case 2 specific application is missing, feel fre= to add additional Ietters to the list above

{2) If different valuesof zpparent power ara assignad under different cooling methods, please
indicate the highest of these values, which is the rated powsar
(3) Asdefined in EN 60076-1, paragraph 7. In particular;

2. ifzatransformerisspecified with 2 reconfigurable winding connection (reconnactable
windings), the altarnative coupling voltage and cannection shall be notadin brackats
For example: 110 / 11 [5,5) kV indicates 2 reconnectable LV winding

b. if = tertiary winding is provided as stabilizing winding, the “d” symbol shall be
preceded by the “+" sign and no phase displacementshall be indicated. For example:
¥YN=20+d indicates the presence of 2 tertiary stabilizing winding

[4) Please specify eithar “None”, “DETC” or “OLTC”. In case voltage variztion is provided on
more than one winding, please indicate 2ach winding voltage and its regulation type
separately

{5) Ifthe transformer has severzl assignad cooling mathods, please indicate zll of them

[6) Referrad to the highest value of rated power and to the rated voitage [i.e. rated tap
position). In cass of more than two windings, pleass indicate between which winding pair
and at which power the value refers

[7) Parameters not constrzined can be left unspecified (2.5 if the length and the width ars
constrainad, but the height iz not, it can be indicated or example: 6000 x 4000 x H)

[8) Forexampla:size of door in existing substation, widthlimitation on transport, limits on pole
weisht, etc...

13
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vito

2nd SECTION: TRANSPORTATION DIMENSIONAL AND WEIGHT
CONSTRAINTS

Please indicate in the following table what are the transportstion constraints to be considered in
your country [maximum values). In case more than one type of constraint exists (e.z. constraints may

be different depending on the installztion site), feel freeto =dd rowsto the table below and use the
column "Comments” to clarify the rationales.

|

Length [mm] | Width [mm] | Height [mm] | Weight [kg] [ Comments

Railway transportation

Road transportation

14
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4. ANNEX D PROCESSED INSTALLER REQUIREMENT DATA FROM
ENQUIRY ON A SELECTION OF TRANSFORMERS

Received data for 250 kVA liquid transformers:

brownfied country specifications
country BE D NL F PL ES N N
sample (s) or representative ( r) s r r r s
r REWAG2015 |spec11/2016 |with protect. |s Iberdrola2014 |s Hafslund
Transformer category(1) DT DT DT DT-Enedis DT DT DT DT
Rated power of each winding (kVA)  |250/250/250 250 250 250 250 250 200 200
Number of phases 3 3 3 3 3 3 3 3
Type (liquid / dry) liquid liquid liquid liquid liquid liquid liquid liquid
high side (kV) 15,4/ 20,8 23 20 21 20 22 22
Rated voltage of Low Side (kV) 0,42 0,4 0,4 0,4 0,42 0,42 0,42 0,42
each winding (kV) Low Side (kV)
2LV windings 0,242
Highest voltage for | high side (kv) 17,5 2% 2% 2 2% 2% 2 2
equip 1t of each 2
winding Um (k) low side (kV) 3,6|DIN EN 50386 |EN 50386 (1kV 1 1,1 1,1 1,1
Vector Group(3) DYN11lall DYN5 DYN5 or DYN1]1DYN11 DYN5 DYN11 YynO or DYN11}YynO
Regulation type DETC DETC DETC DETC DETC DETC
Tapping +2x2.5% +2x2.5%
Type of cooling onan onan onan - onan onan onan onan
Impedance(6) [%] 4 4 4 4 4 4 4 4,45
max. length (mm) 1200 1200 1200 1200 1350 1300 1200 1120
max. width (mm) 700 800 800 800 900 910 750 750
max. heigth (mm) 1245 1600 1600 1300 1700 1680 1500 1130
max. weight (kg) 1200 1500 1360 1200 1200 1400|NA 1105
Tier 1 (CkAO) or Tier 2(AkA0-10%)
LV winding material
HV winding material
low loss steel (<0,9 W/kg@1,7T/50Hz)
oil type
insulation type
operating temperature(Pk)
stimated price increase in % of Tier 1 desig
Sound power level <47 <47
Minimum clearance between live parts
and ground [mm] EC60076-3 55 100 IEC 60076-3
Minimum free distance required around
the transformer [mm] 150
isinclude in
compact
substation
Max floor :
Please clarify the reason for the 1200kg
constraints(8) and the consequence of DSO need to .
exceeding them 100 mm manage faults | Size of door
clearance for |on in existing
fork lift transformers [substation,
=+10 % note: AMDT |and replace in |limits on
existing allowedon |are not existing pole weight
substations |dimensions [allowed substation (
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brownfied country specifications (received after
manufacturer enquiry launch)

country Sl IT IT
sample (s) or representative ( r) r r
r areti e-distributzione
Transformer category(1) DT DT DT
Rated power of each winding (kVA) 250(250/187 250
Number of phases 3 3 3
Type (liquid / dry) liquid liquid liquid
high side (kV) 21(10,5) 20,8(8,4) 200r 150r 10
Rated voltage of Low Side (kV) 0,42 0,42(0,242) 0,42
each winding (kV) Low Side (kV)
2 LV windings
o) O 24 2 24
winding Um (kV) low side (kV) 1,1 1,1 1,1
Vector Group(3) Dyn5 Dynll Dyn1l
Regulation type DETC DETC DETC
Tapping
Type of cooling onan onan onan
Impedance(6) [%] 4{4(0,42)/2,8(0,242) |4 (or 6)
max. length (mm) 1400 1400 1400
max. width (mm) 750 850 800
max. heigth (mm) NA NA 1750
max. weight (kg) 1500{NA 2000

Tier 1 (CkAO) or Tier 2(AkA0-10%)

LV winding material

HV winding material

low loss steel (<0,9 W/kg@1,7T/50Hz)

oil type

insulation type

operating temperature(Pk)

ptimated price increase in % of Tier 1 desig

Sound power level

Minimum clearance between live parts

and ground [mm] 130(230) NA NA
Minimum free distance required around
the transformer [mm] 100 200(NA

restrictions
on the size
(width) of
the
transformer
space in the
existing size of doorin
compact TP [existing substation

Please clarify the reason for the
constraints(8) and the consequence of
exceeding them

16
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Received data for 400 kVA liquid transformers:

brownfied country specifications
country BE D NL PL ES N
sample (s) or representative ( r) s r r
REWAG2015 ([spec11/2016 |s Iberdrola2014 |r
Transformer category(1) DT DT DT DT DT DT
Rated power of each winding (kVA) |400/400/400 400 400 400 400 500
Number of phases 3 3 3 3 3 3
Type (liquid / dry) liquid liquid liquid liquid liquid liquid
high side (kV) 15,4 20,8 23 21 20 22
Rated voltage of Low Side (kV) 0,42 0,4 0,4 0,42 0,42 0,42
each winding (kV) | Low Side (kV)
2LV windings 0,242
Highest voltage for| high side (kV) 17,5 24 24 24 24 24
equipment of each| low side (kV) 3,6|DIN EN 50386 |[EN 50386 (1kV) 1 1,1 1,1
Vector Group(3) DYN11all DYNS DYN5 or DYN11 |DYN5 DYN11 YynOor DYN11
Regulation type DETC DETC DETC DETC DETC
Tapping +2x2.5% +2x2.5%
Type of cooling onan onan onan onan onan onan
Impedance(6) [%] 4 4 4|4and 4.5 4 4
max. length (mm) 1250 1300 1320 1400 1620 1500
max. width (mm) 850 900 800 900 1020 900
max. heigth (mm) 1300 1700 1600 1700 1750 2100
max. weight (kg) 1800 1800 1850 1500 1750|NA
Tier 1 (CkAO) or Tier 2(AkA0-10%)
LV winding material
HV winding material
low loss steel (<0,9 W/kg@1,7T/50Hz)
oil type
insulation type
operating temperature(Pk)
Imated price increase in % of Tier 1 deg
Sound power level <50 <50
Minimum clearance between live
parts and ground [mm] EC60076-3 55 100 IEC 60076-3
Minimum free distance required
around the transformer [mm]
Please clarify the reason for the 100 mm .Slze .Of .door
. clearance for |in existing
constraints(8) and the consequence . .
e e fork lift s.ub‘statlon,
=+10% note: AMDT limits on
existing allowed on are not pole weight
substations [dimensions |allowed

17
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brownfied country specifications (received after manufacturer enquiry launch)
country Sl IT IT SK SK
sample (s) or representative (r) r r
r areti-1 e-distributzione r r
Transformer category(1) DT DT DT DT DT
Rated power of each winding (kVA) 400|400/300 400 400 400
Number of phases 3 3 3 3 3
Type (liquid / dry) liquid liquid liquid liquid liquid
high side (kV) 21(10,5) 20,8(8,4) 20 0r 15 or 10 33 22
Rated voltage of | Low Side (kV) 0,42 0,42(0,242) 0,42 0,42 0,42
each winding (kV) | Low Side (kV)
2LV windings
Highest voltage for| high side (kV) 24 24 24(NA NA
equipment of each| low side (kV) 1,1 1,1 1,1|NA NA
Vector Group(3) Dyn5 Dynll Dyni11l Dynl Dynl
Regulation type DETC DETC DETC OLTC (13step) |OLTC (6step)
Tapping
Type of cooling onan onan onan onan onan
Impedance(6) [%] 4(4,3(0,42)/3,2(0,242) |4 (or 6) NA NA
max. length (mm) 1400 1600 1600{NA NA
max. width (mm) 750 880 1030(NA NA
max. heigth (mm) NA NA 1850|NA NA
max. weight (kg) 1500 2500 2000 4260 1300
Tier 1 (CkAO) or Tier 2(AkA0-10%)
LV winding material
HV winding material
low loss steel (<0,9 W/kg@1,7T/50Hz)
oil type
insulation type
operating temperature(Pk)
mated price increase in % of Tier 1 deq
Sound power level
Minimum clearance between live
parts and ground [mm] 130(230) NA NA NA NA
Minimum free distance required
around the transformer [mm] 100 200|NA NA NA
restrictions
on the size
Please clarify the reason for the (width) of
constraints(8) and the consequence the
of exceeding them transfcl)rmer
space in the
existing size of doorin
compact TP |existing substation
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Received data for 630 kVA liquid transformers:

brownfied country specifications
country BE D NL F PL ES N S
sample (s) or representative ( r) s r r . r
REWAG2015 ([spec11/2016 |classical s Iberdrola2014 |r r
Transformer category(1) DT DT DT DT-Enedis DT DT DT DT
Rated power of each winding (kVA) 630/630/630 630 630 630 630 630 630 800
Number of phases 3 3] 3 3] 3 3] 3] 3
Type (liquid / dry) liquid liquid liquid liquid liquid liquid liquid liquid
high side (k) 15,4 20,8 23 20 21 20 22 22
Rated voltage of each Low Side (kV) 0,42 0,4 0,4 0,4 0,42 0,42 0,42 0,42
winding (kV) Low Side (kV)
2LV windings 0,242
Highest voltage for high side (kV) 17,5 24, 24, 20 24 24, 24, 24
equif of each low side (kV) 3,6/DIN EN 50386 |EN 50386 (1kV) 1 1,1 1,1 1,1
Vector Group(3) DYN1lall |DYN5 DYN5or DYN11 [DYN11 DYNS DYN11 YynO YynO or DYN
Regulation type DETC DETC DETC DETC DETC
Tapping +2x2.5% +2x2.5%
Type of cooling onan onan onan onan onan onan onan
Impedance(6) [%] 4 4 4 4|4 and 4.5 4l4or6 5,8
max. length (mm) 1500 1500 1500 1700 1400 1650 1550 1500
max. width (mm) 850 900 820 920 900 1140 900! 900
max. heigth (mm) 1360 1800 1680 1650 1700 1870 2100 1400
max. weight (kg) 2400 2500 2650 2500 2000 2400|NA 2300
Tier 1 (CkAO) or Tier 2(AkA0-10%)
LV winding material
HV winding material
low loss steel (<0,9 W/kg@1,7T/50Hz)
oil type
insulation type
operating temperature(Pk)
Estimated price increase in % of Tier 1d
Sound power level <50 <52
Minimum clearance between live parts and
ground [mm] EC60076-3 55 100 IEC 60076-3
Minimum free distance required around the
transformer [mm] 200
In urban areas,
it would be
impossible to
address faults
on
transformers
rated 630 to
1000 kVA in
Please clarify the reason for the existing
constraints(8) and the consequence of secondary
exceeding them substations,
since the space
would not be
big enough and | Size of doorin
100 mm the pad would |existing
clearance for  [not be substation,
=+10% fork lift designed for  |limits on pole
existing allowed on |note: AMDT are |higher weight. [weight
substations |dimensions [not allowed Max floor 2500
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brownfied country specifications (received after
manufacturer enquiry launch)
country Sl IT IT
. r r
sample (s) or representative ( r) areti-l e-distributzione
Transformer category(1) DT DT DT
Rated power of each winding (kVA) 630|630/472 630
Number of phases 3 3 3
Type (liquid / dry) liquid liquid liquid
high side (kV)  [21(10,5) 20,8(8,4) 200r150r 10
Rated voltage of each Low Side (kV) 0,42 0,42(0,242) 0,42
winding (kV) Low Side (kV)
2 LV windings
Highest voltage for high side (kV) 24 24 24
equipment of each low side (kV) 1,1 1,1 1,1
Vector Group(3) Dyn5 Dyni11l Dyn11
Regulation type DETC DETC DETC
Tapping
Type of cooling onan onan onan
Impedance(6) [%] 416,7(0,42)/5,1(0,242) |4 (or 6)
max. length (mm) 1500 1600 1800
max. width (mm) 800 930 1030
max. heigth (mm) NA NA 1850
max. weight (kg) 2000 2500 2000
Tier 1 (CkAO) or Tier 2(AkA0-10%)
LV winding material
HV winding material
low loss steel (<0,9 W/kg@1,7T/50Hz)
oil type
insulation type
operating temperature(Pk)
Estimated price increase in % of Tier 1 design
Sound power level
Minimum clearance between live parts and
ground [mm] 130(230) NA NA
Minimum free distance required around the
transformer [mm] 100 200(NA
Please clarify the reason for the
constraints(8) and the consequence of
exceeding them restrictions
on the size
(width) of
the
transforme
rspace in
the
existing size of doorin
compact TP |existing substation
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5. ANNEX E QUESTIONNAIRE FOR DISTRIBUTION TRANFORMER

MANUFACTURERS (MV/LV) FOR BROWN FIELD AND GREEN FIELD

APPLICATIONS

Questionnaire for 250 kVA liquid, 400 kVA liquid, 630 kVA liquid, 100 kVA pole

mounted, 160 kVA pole mounted transformers

Example for 400 kVA:
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6. ANNEXF MINUTES STAKEHOLDER KICKOFFMEETING FOR
PREPARATORY STUDY FOR THE REVIEW OF COMMISSION

REGULATION 548/2014 ON TRANSFORMERS

Distribution: General

Date 9/03/2016 Ref. VITO/1610352/PVT

From Paul Van Tichelen Annexies):  Powerpoint presentations of the meeting
(see project website)

To Cesar Santos; Stakeholders

Copy ({CC) Paul Van Tichelen, Paul Waide, Berend Evenbll, Peter Heskes

— vito

Minutes of informative stakeholder kick-off meeting for Preparatory
study for the review of Commission Regulation 548/2014 on
transformers
EC Breydel building (Ayral room), avenue d'Auderghem 45, Brussels, 16" September 2016

Participants
European Commission

DG GROWTH Cesar Santos {CS)
Project Team

vito Paul Van Tichelen (PVT)

Paul Waide Consulting

Paul Waide (PW)

TNO Berend Evenbllj (BE)
TNO Peter Heskes (PH)
Stakeholders
Sacotte Michel TD EUROPE Tsm
Sigrid Jacobs ArcelorMittal 3]
Pierre Lucas T&D Europe L
Reiner Korthaver ZVEl TRK
Ray Thomson Noratel AS RTO
Roman Targosz ECI RTA
Hans-Paul Siderius Nﬂhcrlan&‘fﬁ;éﬁﬁ-mm_‘-ﬁ—
‘Christophe | ELLEAU EDF / Electricite de France ce
Nico Wurzel SBA-Trafobau Jena GmbH NW
KONSTANTINOS | PSOMOPOULOS PIRAEUS UNIVERSITY OF APPLIED  KP
SCIENCE
Jesper Holmberg ‘ Brussels Direct JH
Peter Schafeld thyssenkrupp  Electrical  Steel PS
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Distribution: General s t
7 Vito

an technology

GmbH
Régis Lemaitre thyssenkrupp  Electrical  Steel | RL
GmbH
Bram Cloet CG Power Systems Belglum NV BC
Patrick LAUZEVIS ENEDIS PLA
Anthony Walsh Esb AW
David Crawley Energy Networks Association DC
Thomas Hammermiiller trafomodern Transformatoren | TH
Ges.m.b.H.
Angelo Baggini CENELC - University of Bergamo AB
Manuel Sojer Maschinenfabrik Reinhausen, | MS
Germany
Wim De Maesschalck Eandis wom
Robby De Smedt Laborelec RDS
Carsten Tonn-Petersen Viegand Maagee A/S (a4
John Bjarne Sund ABB/Norsk Elektroteknisk Komite | IS
Herman NOLLET EREA Energy Engineering HN
Thong Vu Van ENTSO-E ™

Objective of the meeting

The Intention of the meeting was to serve as a first stakeholder kick-off meeting 'for the preparatory
study for the review of Commission Regulation 548/2014 on Ecodesign requirements for small,
medium and large power transformers’, The study commenced in September 2016 and is expected
to conclude in May 2017 (9 months). Due to the short time available to organise this meeting direct
invitations were sent to the previous Lot 2 (2011) registered stakeholders who had agreed that their
names could be disclosed and after direct e-mails to the stakeholder organisations (T&D Europe,
Orgalime, Eurelectric, ENTSOE), This invitation was distributed to these parties directly and anyone
who registered was welcome to attend,

The purpose of the meeting was 1o enable the stakeholders to meet the team, discuss how they can
provide input and to report their experience thus far with the current Regulation.

Note: complementary to this minutes of the meeting the meeting powerpoint
presentation can be consulted

Prior to the meeting a Memo was sent by Norwegian Water Resources and Energy Directorate (NVE)
(see Annex) and also JS sent in an extensive analysis evaluating the PEl index (see Annex).

Agenda

= 10h00-10h20 Coffee in meeting room Ayral
* 10h20-10h30: Presentation of the study team and tour de table
* 10h30-11h40: Scope of the assignment (Paul Van Tichelen, VITO)

Draft version
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Distribution: General ‘; - vlto 16

*  11h40-11h50: Regulation 548/2014 (Paul Waide, Waide Strategic)

*  11h50-12h: Discussion on data sourcing

= 12h-12h20State of art in CENELEC TC 14 standardization {Angelo Baggini, CENELEC TC14,
University Bergamo)

*  12h20-13h20: lunch

*  13h20-14h40 Stakeholders view in the review of Commission Regulation 548/2014.

* 13h20-13h40 The present time situation viewed by the manufacturers (Michel Sacotte, Orgalime,
Schneider-Electric)

* 13h40-18h10 The view of a DSO: Anthony Walsh (ESB Networks) & Wim De Maesschalck
{Synergrid)

* 14h40-15h: Closing, participants expectations and priorities with respect to the review of
Regulation

Minutes

Short presentation of participants (all)

After all participants presented themselves, Cesar Santos welcomed the participants and gave a short
overview of what the study is aiming to do.

CS mentioned that there has not been enough time since the regulation measures were adopted to
really know what impact it has had. The purpose of the meeting Is to: ask questions, understand how
the market has changed, consider which assumptions can be improved and what is being overlooked.
Within this study there is a need to define priorities because the study has a modest budget and
short frame. We will touch upon standardisation but discussions on this really belong in other fora,

PVT introduced the assignment (see powerpoint in annex)
See stakeholder meeting presentation siides 5 till 9

cs asked if there were any comments on the review issues mentioned in Art 77
MS | Said that they have in in there slides that will be presented later today.

and
AB

AW said that 95% of losses from main designs and 5% from those exempted ones thus we need
to focus on the main product groups

RTa | Mentioned that the study need to ensure that the end of life value of materials is considered
s No one mentioned the changing landscape in generation - does anyone have any concerns
re the impact of the introduction of Renewable Energy (RE)?

Kp said they are doing work in this area and have experienced high harmonic distortion caused
by power electronic converters, under a process of studying this within the context of
distributed generation and smart grids. The first measurements show that a lot of losses are
due to this and they are not included in the regulations.

AW | mentioned that future price of electricity is often driven by the capital costs of RE and this
needs to be taken into account in the review of Tier 2

HPS | said the new landscape of electricity generation/consumption — distributed generation -
needs to be taken into account in the regulation. However he’s not happy if this is an
exercise about reopening the discussion on Tier 2 because this will create uncertainty for
manufacturers. NL not very happy to go in that direction.

cs in absence of Commission making a counter proposal, Tier 2 will still apply; however, we
should ask ourselves whether the assumptions behind the Tier 2 levels are still valid? It
should be assessed without preconceptions.

RL GOES producers have fulfilled the aim of Tierl and that we have to discuss about the impact

Draft version
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Distribution: General V’ - V|t9

technolog

of Tier 2

S) said that with technical solutions that might satisfy higher EE level it might have impacts on
noise {due to steel type choices and the flux density)

Asked if noise information should be added to the regulation?

s said we could censider product information requirements — minimum requirements for
noise might be far-fetched at this point.

MS | said he can't see why noise should be part of Ecodesign regulations. Have to review basis for
noise regarding the manufacturer of magnetic steel — 1o his knowledge there is no
recognized standard on noise measurement for raw material (magnetos striction} because
and therefore we cannot specify the component = CENELEC has undertaken some work to
try and specify the component

(note: noise on the transformers is specified in IEC60076-10))

SJ in working group IEC TC 68 there is a technical document that specifies how to measure
noise but this is not yet a standard

PLA | said we need a global approach of what we want for Tier 2

s the question was whether Ecodesign could treat noise, to which the answer is yes, but that it
is not the main priority of the transformer

AW | said it was best not to focus on this - it was a side topic

and
RL
AB said all of us are thinking about transformers as they are now (electromagnetic
transformers), but in the future we will have the same function with electronic transformers;
however, we need to take these into account as otherwise we will have lower efficiency
transformers outside of the regulations

PX silicon carbide technologies will come and replace the typical electro-magnetic transformers
as we have them now (they can deal with failures very quickly and easily compared to
electromagnetic transformers - these will be installed in Italian transmission network (SMW
system — via ENEL) from 2018. ENEL. Mentioned risk of large power outages are reason why
these are being introduced

s asked consultants to liaise with the stakeholders on this.

AW | said that this was covered very well in original VITO report. Discussed solutions ESB is
applying (tap transformers) to address the issues PX mentioned

See stakeholder meeting presentation slides 9-14 on Task 2-6.

AW It was confirmed that single—phase transformers were overhead and are used in the UK.
Converting would require building a new line. Used since 1930s. Used to have 5 kVA and
xKVA transformers but now use 15kVA. Used in rural lines to small loads.

MS raised the case in the US that had similar cases in terms of population density etc, as found
in Irefand.

AW sald that the analysis applied to Irefand based on the US case significantly overestimated
the load factor for small single phase transformers.

MS said T&D Europe would like to consider the findings from the US case for Ireland

AW said he had gone through the US analysis and he could share the results. AW said CENELEC
TC 41 said the details were sent to the Commission on this, Said in the Irish case the
impedance dictated the capital costs due to the long lines (achieving sufficient short circuit
power is the reason, therefore Kp is no issue because we mostly need to dimension on
| short circuit power, leading to a lower Kp then demanded for high eff).

PVT | requested that he share his information with the study team.

Draft version
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AW said that the total MVA used in these transformers in IE and UK was insignificant |
{75+120MVA of transformer capacity replaced/added per annum) and hence was not a
priority

PLA mentioned there was no goal about market surveillance, Very surprised as non EU
competitors can price based on performance and gain competitive advantage if there is
inadequate market surveillance, There is a problem in the tolerance and incertitude

HPS mentioned It would be good to remind MS of their Market Surveillance obligations. He also
mentioned the INTAS H2020 project that is examining market survelllance for large
products (transformers and large industrial fans

PLA asked if it was possible to create an EU level team that could address this issue — he has
seen there is a problem in competition on this

JH A cooperative market surveillance project has been recently launched by Nordsyn
(http://www.norden.org) to collaborate on market surveillance in the Nordic countries
WdM | mentioned the need to ensure different MS market surveillance authorities should measure
PE| in the same way

PW extended an invitation to participants to reach out (via him) to the INTAS H2020 project if
they wish to raise issues about market survelllance for transformers that can be looked at
by this project (www.intas-testing.eu)

See stakeholder meeting presentation slides 15-16 with project plan.

CE was glad to hear about the focus on costs assessment in Tier 2 assessment but said that
capitalization cost should be given more emphasis. Mentioned cost of electricity is
currently low and although it is expected to rise market actors adjust their behavior when
that happens. Pertinent when considering relative importance of load and no load losses.

PVT mentioned how in BE the situation changed rapidly in response to changes in the relative
penetration of central versus distributed generation. Complementary to the introduction
of renewables there will be a new need and cost for storage or flexibility. For example,
the production of renewables do not necessarily fit with the no load losses of
transformers

BE Asked, for example, what should also be the requirement for a transformer connected to
a wind farm?

WdM mentioned there were many questions about how DSO treat upgrades for RE and electric
vehicles etc. and that it’s very Important that we consider where the EE of the
transformer fits within this investment framework.

Regulation 548/2014 (Paul Waide, Walde Strategic)

Skipped to save time in the meeting: - PW invited participants to read the PPT giving an overview of
the regulation.

Data needs and data sourcing (Berend Evenblij, TNO)
BE discussed the data needs for the study and It is proposed to discuss it after the stakeholder

presentations because they already contain a lot of information sources as could be concluded from
the input received just before the meeting.

Draft version
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12h00-12h20: State of art in CENELEC TC 14 standardization (Angelo Baginni, CENELEC
TC14, University Bergamo) see powerpoint presentation in annex.

Note: VRDT = Voltage Regulation Distribution Transformers from WG30 has now been moved into an
|EC process.

Followed by a short discussion about how utilities take into account the regulatory requirements in
their procurement process.

—

mentioned if there is a subsequent change It s a problem for utilities as it takes about 4
years to develop prototypes, test, test in situ and install.

PLA The benefit of the regulation is that the clear timeline simplifies negotiations with the
supply chain

PVT asked If front runner utilities have already procured Tier2 transformers?

PLA answered that in the case of ENEDIS they still procure Tier 1.

PLU pointed out that the Ecodesign Directive is based on not Increasing the amount of money
customers should pay without pushing European industries to extinction

12h20-13h20: lunch provided by the EC in the building
13h20-14h40 Stakeholders view in the review of Commission Regulation 548/2014
Stakeholders could present thelr views and feedback.

13h20-13h40 The present time situation viewed by the manufacturers (Michel Sacotte, Orgalime,
Schneider-Electric)

See powerpoint presentation in annex, some notes:

e The global view of manufacturers is that they don’t want to have the PEI at thresholds below
3150kVA because they want to retain a standardised production platform.

e 75% of the products are already capable to meet Tier 2 (some issues for 1000Kva, pole
mounted and 36kv dry type wind turbine), but it is not an issues for large power
transformers.

*  AMT are still a small fraction of products supplied and magnetic steel has improved since the
previous regulation so Tier 3 could be studied.

* T&D Europe is ready to launch a study to support this study to see what is possible in future
magnetic steel performance.

PL, AB query about what the impact of attaining Tier 2 is on the weight of transformers and the
implications this has for DSOs to replace existing Tier 1 products (impact on increasing
T&D costs on substation floor).,

RL sald the magnetic steel product will be better tomarrow than today

MS continued, see powerpoint, some notes:

* It is important that the efficiency of the transformer has to be measured at the terminals
(otherwise opens opportunity to claim high performance associated with dropping functions
that will have to be added afterwards).

* In case of repairs most manufacturers are preparing blue guides. Clarification is needed to
avoid legal issues. It is more complex for large transformers (biue guide or white),

Draft version
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AB this is a simple economic issue on the marginal costs of repairing an existing transformer
versus installing a new one

MS said T&D E don’t know well the survival rate curve of transformers — utilities may know
this better.

MS presented list of T&D E wishes (last slides), some notes:
* Uniform market surveillance is highest priority,
* Need to clarify what is meant by an emergency transformer. Clarify rectifier application.
Need to clarify the documentation = nobody is following this on web sales currently for B2B
sales. Clarify the concession case for large power transformers,

cs asked the stakeholders if the future fimits of transformer EE are related to weight and
retrofitting rather than other issues ~ is this true? i.e. could we end up with transformers
| that are so efficient that they can’t be installed in substations?

| PLA raised the issue that if we want to make progress we need to consider the issue
dependent on the type of final application because the retrofitting constraints are very
different between DSO/TSO substations and other applications. Could take 100 years to
replace all existing substations.

WdMm agreed that~60% of transfarmers they install are retrofits in existing buildings. Space and
not touching the substation is much more important than the cost of the transformer - if
the former have to be changed as a result of the transformer change the cost is 5-10
times higher

HPS said the substation issue isn't new so the challenge is to make the Tier 2 transformers that
meet the same form factor

MS first they have to check if it is possible (in some cases it is and in some it isn't}). Also, if we
move form Al to CU in most cases we can meet the Tier 2 but the cost difference for
conductor ks a factor of 3.

PLA raised issue of extra weight when using CU that lead to an accident with an operator

13h40-14h40 The view of a DSO: Wim De Maesschalck (Synergrid) & Anthony Walsh (ESB
Networks)

See powerpoint presentations in annex.

AW (or WdM) made the following remarks during his presentation:

* Proposes to use the long run marginal cost (LRMC) and appropriate discount rate.

e For a large transformer 50% of the costs could he for transportation, Other costs are
associated with site costs.

o Asked whether for Tier 1 the impact of in line with our expectations? (Reported anecdotally a
20% increase in weight and price for a range of Tier 1 transformers

e WdM mentioned utilities are limited by budget and have large asset bases — need to make
assessment of what yields best result (upgrade many transformers with marginal EE gain but
low incremental cost or a lower number of optimal transformers).

* AW also mentioned investment trade off choice between reducing losses by upgrading line
capacity or putting in higher EE transformer.

« ESB capitalise the losses with LRMC and assess them over the life time of the transformer,

Draft version
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AW said there was only 1 single phase DT manufacturer in EU

said if view total losses from generation system operator range Is 2-2.5% (7SO} and for
distribution is round 4% - transformers can save maximum of 0.5%.

clarified typical T&D and transformer losses in the EU,

asked if we could have the price of the transformers assumed in the presentation— AB
. said no but can generally assume the price is proportional to the weight

said no but can generally assume the price is proportional to the weight

said we need to consider Ecodesign of transformers and not just the EE. Need to consider
total cost on whole life time of transformer including end of life and not just operational
life (which Is what utilities focus on).

WdM continued part of the DSO presentation, some notes:

Eandis (DSO) use TCO procurement in accordance with CENELEC guide and follows the
Regulation in that way that tenderers can offer Tier 1 but can get a bonus for Tier 2,

They are looking for asset performance including network reliabllity, customer connectivity,
open market therefore open technologies, national policies/regulations on safety, RE etc.
Interchangeability of transformers is critical (typically 2-3% asset stock replacement figures).
They have focused on TCO for many years and have lower losses as a result.

They discussed in detail problems with weight and dimensions.

Reaching Tier 1 had been ok for size impacts but Tier 2 may be problematic.

See conclusion slide ad general message of beware unintended consequences - i.e. shift to
dry type to keep within space constraints,

said for ERDF just reaching Tier 1 resulted in 20% increase in size

Confirms this and recommended to put more efforts on consideration of exemptions

said on behalf of the EDF Nuclear Generation: they also have these limits on weight,
dimensions and clearances regards the HV parts for the transformers on site and in
buildings

14h40-15h30: Closing discussion on participants expectations and priorities with respect to the
review of Regulation 548/2014, AOB

asked MS of T&D E if there were ingenious technical options to keep within weight and
size?

MS

said that there were some options to keep within weight size but required best materlals,
increase cost and impact on noise. Manufacturers have to solve the three issues of
weight, size and noise

queried how It was possible that the size of the core had increased by 20% given that
steel producers had shipped z lot more high quality magnetic steel,

said that the improvement in magnetic steel had not been enough to reach the
| requirements and therefore size increases had also been needed

mentioned the case of the Low Voltage transformers his company EREA produces.
Installed base of 50 MVA per year for EREA’s products

said that a significant rationale would need to be elucidated for why there should be any
exceptions for these products

Draft version
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PVT said the next step will be to send out a request for data. He will contact stakeholders and
especially to request that those who have indicated in this meeting that they have conducted similar
data acquisition exercises (T&D E and CENELEC (MS), Eandis (WDM), Norway,(ESB single phase{AW))
that they should share their data. Suppliers of data can Indicate whether their data (in whole or in
part) is confidential and the study team will discuss with them how they can manage/use confidential
data. After this extra enquiries can be launched to fill the gaps identified.

15:50 meeting closed

Draft version
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7. ANNEX G KICKOFF PRESENTATION

g T&D Europe view

Result of Meeting o
September 1 2016-September 14 2016
Manufacturers views
M Sacotte
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Revision of the Regulation
» T&D Europe Summary

J Article 7 of Regulation 548/2014 and additional questions
request to study, If it is appropriate to make some
changes n the regulation

- Target is Lo give the view of the manufacturers regarding
the possible changes and the studies to achieve

Jd Executive summary
¢ A|Cat understanding of the revision I8 split in 3 parts

& T b s i sﬂ gy 3 ¢ =
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A)Part 1 Main values 1/2
» Toset out minimum values of the Peak Efficiency Index for all
transformers (Conversion of standard losses In PEI)
¥ Regarding the standardization of the components (foils and cores) the

manufacturers wishes to keep the level of losses and not to apply PEI

» To Establish minimum performance requirements for single-phase
pawer transformers

» TD Europe is ready to participate to help in the definition
» Clarification of the scope should be done (Rated power....)

TP

v Sl sl Sl ffes "

= A BT L _.’. -
A)Part 1 Main values 2/2
» Toreview minimum requirements set out for Tier 2 in 2021 are still
appropriate(Evolution of Magnetic steel as amorphous core, Cost-effective from
a lifecycle analysis perspective)
v >75% of the suppliers are able to reach the Tier 2. Nevertheless some

concessions on 1000kVA and Pole mounted and wind turbine on-shore 36kV
Dry type.... must be done.

v Large Power Transformers no issues to move to Tier 2

¢ Case of Amorphous and other technologies for small distribution
transformers shall be studied taking into account dimensions, weight and

supplies

v Magnetic steel has been Improved since the last regulation but is seems that
the minimum value are now reached. Tiers 3 then could be studied

v TD Eurcpe is ready to launch some studies accordingly

TSQ'WL-
Pl s BER AW deuws

-
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A)Part 2 Other special criteria 1/2

» Tomaintain or not the concessions made for pole-mounted transformess

~ That is the topic of the utilities but the weight remains a design issue.

» Tomaintain or not the concessions for special combinations of winding
voltages

~ TE&D Europe will make some proposals to simplify this topic

» Not logical to have these coefficients for future applications and the rated power
can be then adjusted on =ach voltage.

~ Some cases can be eliminated and others kept as 36KV or high voltage

insulation. T&P
e e e ilm. 3 ~ -
e Rl e SR R A FE v o B

A)Part 2 Other special criteria 2/2
~ To Eliminate from minimum performance requirements the losses

performing voltage regulation functions

» The devices has been modified and probably nao need!

» This point has to be restudied and percentage shall be reduced...

» T&D can propose something on this topic.

» Separate the measurement of the additional device Increase the

complexity and the frame of possibility of cheating with the regulation during
the measurement stage and .....why not to apply on new design......(DETC)

~ To cover enviranmental Impacts other than energy can be regulated

» This point shail be clarified (Area covered?)
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A)Part 3 New aspects of the regulation

~ To Define accepted critena for the repair of transformers
» Blue guide is applied today
~ Clarification is needed to avoid legal issues

# Clarification regarding the limits of rated power is nesded to fix the
repair topic

» Other ways can be found
» Performance
» Lo time

» Large debate attended in TRD Europe without reaching real
CONSEeNsUS today at least for Large power

7 Some works are undertaken in Cenelec on this topic

=i Dl sl W% e o E

- Paiugsc fod ¥ W MR ~
~ B)T&D Europe wishes:
» Todetermine how Market surveillance must be deployed
homogeneously

» Toclarify the scope of the transformers application taking into
account some part of Cenelec standard (PE! & KPE] definitian....etc) as
TaD Europe position papes

~ To clarify emergency definition

» To clarify Rectifier application and associated efficiency requirements
(Include special regulating tranformess cannacted 1o Rectifier)

» Toclarify the documentation (Web, Piate)
» Toclanfy the cooling system n the frame in the efficiency

» To clarify the concession case for Large Power Transformer and

add some for Medium power tgagsformers
~ Collection of data are needed Acal Maximum welght , Maximum dimensions..)
CLIOOE

& Bl SRR A e o E
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C)Standardization aspect
» The split of the document could be changed

J Standard transformers up ta 3150kVA (Cast and oil) with fix losses
< Other transformers above 3150kVA with PE|

» Common part between EN50588-EN50629 could be done in
Standardization

» Technical specification with recommendations could come from
WG32

» TD Europe will give his apinion on this Technical Specification
coming from WG32 after analysis

P
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Medium Power PEI
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CENELEC

Preparatory study for the review of
EC Regulation 548/2014 on transformers
Stakeholder kick off meeting

State of art
in CENELEC TC 14 standardization

Angelo Baggini
CENELEC TC14, University Bergamo Italy

16/9/16 EC Breydel building (Ayral room)
Avenue d'Auderghem 45, Brussels

Angelo Baggini
n his personal capacdy

CENELEC

Table of content

1. What has been done?
2. What we learned?
3. What to do (work plan)?

Angefo Baggini
n his personal capacit

40



[+
i

Preparatory Study for the Review of Commission Regulation 548/2014

CENELEC
What has been done?

v EN 50588-1/2015 "Medium voltage transformers 50 Hz, with highest
voltage for equipmentnot excaeding 36 kV - Part 1: General
requirements” + EN 50588-1 A1/2016
EN 50629/2015 "Energy performance of large power transformers (Um
> 36 kV or Sr =40 MVA)" + EN 50629 A1/2016
EN 60076-19/2016 "Power transformer - Part 19: Rules for the
determination of uncertainties in the measurement of losses in power
transformers and reactors

v EN 60076 Serles - Power transformers

v A Secretariat Enquiry on the use of EN 50588-1:2015 and EN
50629:2015 was circulated with deadline 2016/05/31
(TC14/Sec/0490/0C) for defining the scope of the standardization work
reilating to the COMMISSION REGULATION (EU) No 548/2014

Angelo Baggini
n tws personal capac

What has been done? CENELEC
EN 50588-1 + Al

‘/Exceptlon definitions

‘/Procedures and methods to measure and calculate: load losses,
no load losses and PEI (+ EN 60076-1)

Tolerances and uncertainties

Specific criteria to be met by laboratories involved in the
verification of the declared data

‘/Test report
Liquid immersed Single phase <= 100 kVA (typically 15, 33kVA)
Double/double voltage

‘/Urn > 36 kV (C2Z)

Angelo Baggini

n his paraonal capac
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What has been done? GENELEG
EN 50629 + Al

‘/Excepuon definitions

Procedures and methods to measure and calculate: load losses,
no load losses and PEI (+ EN 60076-1) (modified)
Tolerances and uncertainties

Specific criteria to be met by laboratories involved in the
verification of the declared data

‘/Test report

Rated power lower than 4 MVA

Single phase

Autotransformers and separate winding transformers having
three windings

Transformer asset data pro-forma

v

Angelo Baggini

grsonal Capacity

What has been done? CENELEB
EN 60076-19

‘/Standard uncertainty calculation

TC14/Sec/0490/DC

‘/List with 62 items

Angelo Baggini
n hes perso 303ty
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What has been done? BENELEC

What we learned?

*» The devil is in the details*

« Synchronization with EC is hard because
of respective formal procedures

(* Cesar Santos citation)

Angelo Baggini

sonal capacny

CENELEC

Work plan

+ WG21 - «<MPT» (M. Sacotte FR)

+ WG29 - «LPT» (F. Mauri IT)

« WG32 - «Umbrella» (F. Mauri IT)

» WG31 - «Uncertainty» (A. Bergman SE)
+ WG30 - «VRDT» M. Heinz DE)

« Requirements
» Detailed list of specific issues will be addressed
+ Expectations

Angelo Baggini
1 his personal capacity
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Work plan CeNELEe

On the short term:

by the first months 2017, WG32 will produce a Technical
Specification addressing Energy Performance of all power
transformers in the scope of CLC/TC 14 with the goal to support
the 2017 review of the Regulation also collecting the inputs
coming from WG21 and WG29

WG21 and WG29 will support WG32 for the topics in their
respective revised scopes and will take care, if needed, to further
amendments of actual standard EN 50629 and EN 50588-1

On the long term the future structure of standardization documents
supporting the Commission Regulation (EU) No 548/2014 will to
have a common umbrella document energy performance of all
power transformers in the scope of CLC/TC 14 and specific
documents addressing energy performance and other specific
standardization need of specific categories of transformers according
with the following table.

Angelo Bagagini

his personal capacty

CENELEC

Work plan

At the
Transformer categories 20 17 pubication of

the revised
Regulation

in the scope

'WG32  Medium and large power Umbrella
PR i TS 50XXX-1 EN 50XXX-1 J
WG21  Ligquid immersed power ’
transformers with Sr< 3150  Specific 3
KVAAND Um < 36 kV standard L
Dry type power transformers -
WG29  Liquid immersed power s
transformers with Sr > 3150 ' ‘ard [Draft EN 50XXX-3 EN 50XXX-3
KVAOR Um > 36 kV
Specific
‘siandors Not foreseen EN 50XXX-4

Angelo Baggini
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Work pian CENELEC

Requirements

« Small MPT: Separate losses

« Other T: PEI

« Timing and aligment with CLC

NO other environmental impacts than losses

Angelo Baggini

n his personal capacity

Work plan CENELEC
Detailed lists...

TC14/Sec/0490/DC

Proposal for:

Repaired transformer definition

Dual voltage transformer definition

Cooling consumption treatement at KPEI
+ Declaration of conformity template

Simplification of the rating plate

Minimum performances

Exception list

Angelo Baggini

N his persenal capacty
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Work plan BENELEC

Expectations
from the preparatory study

+  To provide:

+  The impact of size (including safety clearences), weight and
costs of TIER2
»  The impact on the structure

« the economic impact of current and potential scenarios (T1,
T2, T2)

+ A system approach

+ To support market surveillance importance

Angelo Baggini

Work plan BENELEC

Expectations
from the Regulation revision

» To clear

+ exemption for size and weight of transformers
« how manage possible extemptions
« declared value definition confirmation

« which data shall be made public and how In the perpesctive
of datacollection

« transitional rules to manage possible TIER2 modifications

« To support market surveillance importance

Angelo Baggini

1 his personal capacity
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7

.-y Synergrid

Ecodesign Transformers
Stakeholders forum — Kick-off

Feedback of the Belgian DSO's on the current EU Directive

Wim De Maesschalck - Eandis

16 september 2016

Implementation of Ecodesign

Implementation Ecodesign in new tender

« Tier | losses = minimum requirement
= Impact: still to be assessed (new designs)

« Tier Il losses = bonus requirement
= TCO capitalisation of losses ~ Cenelec formula
= Energy price + interest rate ~actual values for DSO

=Dimensions: no increase possible
= Limited by available space in substations

= Weight: no increase possible
= Limited by load limits of structural elements (floor/pole)

Ecotransformer - staleholdar mesting 16/9/2016 - '}': Sgnel’gfid
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Evaluation of Tier |

= Implementation is ongoing by DSQ'’s
-Not possible to draw conclusions yet (new designs)
-Results may vary...

= Focus of study should be evaluation of effectiveness of Tier |
. Projected costs & benefits achieved?

«Is the transformer still “fit for use”?
= Dimensions
= Weight
= Special types of transformers
= Evaluation of Tier | = base for Tier Il

Eeotransforme - wtakehokder meting 16/3/2015 -~ Synergrid

Evaluation of Ecodesign

Targets of DSO

= Balanced performance of assets
= Costs >< Safety >< CML-Caidi-Saifi >< Environment

= Maintain open market with multiple vendors
= Enabler of new technologies
= Public responsibilities
- National policies (e.g. safety, renewables, ...)
« European policies (e.g. ecodesign, 20-20-20)

Ecodesign transformers:
= evaluation based on these targets

’
/
Ecotransfarmwes - tibshodder mesting 16/9/2016 . X Sgnergrid
.
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DSO - specific constraints

= Regulated market:
~ Budgets for investments are regulated
= Limited ratio of replacement: typically 2% - 3% annually
= Specific tendering process & long term contracts
= Focus on Total Cost of Ownership
= Very large installed base
= .8, Belgium:
- 60.000+ MV substations
trafos: +/- 2000 annually
= Transformers are part of a larger installation
= Interchangeability is critical
» Upgrade / Renewal
= New functionalities

/. .
Ecotramformes - stabehcider meeting 16/%/2016 . ,x' Sgnel'grld

Impact on MV substations

= Dimensions are limited:

= Width = limited space for access & installation
Typical doorway: 90 cm
. Limited floor space in substations
New functionalities require more space

« Height > limited in buildings (ceiling)

Typical ceiling (basement/ concrete substation): 2m20
= Weight is limited

« structural limit of substation
= Total weight of ALL equipment COMBINED (trafo + switch)
Floor / Pole

= Impact on logistics

’
Ecotransformey - stakehalder meeting 16/9/201& . ‘%Sgnefgﬂd
.
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Sibelga - Brussels

Underground substation in sidewalk: very little space available & limited height

Ecotransformer - stabshoider meeting 16/3/2015 = Synergrid

Tecteo - Ligge

Underground substation: very narrow acces to substation

.
/ *
5 Ecotransformes - stakeholder meeding 16/9/2016 o }? Sgnefg"d
.
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Mounted on 1 pole Semi-rural substation Urban substation
350 000 units 130 000 units 270 000 units
50-160 kVA Max. 250 kVA Max. 1000 kVA
Max. 550 kg Max. 1500 kg Max. 2500 kg

Floor space < 2,5 m? Height < 1,5 m

Enedis (ErDF)- typical cases

Different standardised types have specific limits in welght & volume of transfarmer

Ea)

frotransarmer - staksbalder mesting 1/9/2016 - /‘ Sgnefgl'id

Liander - Amsterdam

Typical compact substation in the streets of Amsterdam. Impossible to install a larger building.

“ soure: Alfen pdf-catalog: htp://alfen com/sites/atfen.com/files/downloads/Peperbus.pdf / =
10 Ecatransdormer - staksholder meeting 16/9/2016 ¢ ‘,% Sgnerg“d
.
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Impact on MV substations
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= Replacing a substation is not an option

« Not easy to obtain a “green field”
Available space / NIMBY
Permits
City Center?

« Very high cost
Construction of new building or support
Cable works

= Retrofit is very important and must be possible!

1 EoutrAmlormes - stakeholder masting 16/3/2016 . -',.\,Z Sgnergrid

Impact on MV substations

Preparatory Study for the Review of Commission Regulation 548/2014

= New functionalities requires additional space in substation
= Smart meter equipment
= Voltage regulator on transformers
= Smart grid control bays

-> impact of other EU policies!

’
12 Ecotransfotmer - stakeholder meeting 16/9/2016 - “)(Sgnefgl'ld
i
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Impact on Network
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= How to improve energy efficiency?

« Network efficiency vs. individual component
= Investments where they yield most results

« Optimisation of losses based on actual load profiles
= Rated power |,
= Efficiency |, & I,
= Actual prices & interest rates

«Special transformers allow transformation of the network

= Retrofit should remain possible
= E.g. Voltage upgrade = less losses

Impact on use in network

Preparatory Study for the Review of Commission Regulation 548/2014

/.
13 Frotransformes - slakeholder mésting 16/9/2016 @ ;‘( Sgnefgﬂd
.

= Choosing the right power rating is key
= Long lifetime: 30 to 50 years
= Load profile and estimated evolution are important
Variations in time & season
Impact of new technologies
= Global economics >< individual optimisation
. Effect of eco-design on the transformer price
Price, losses, transport, stock, batch size, ...

= Optimisation of losses is required
= DSO: specific load profile with high variation
Flexibility needed to have best combination of losses (1, vs. I,)

54

N
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Impact on use in network

— e . - = — -

= Choosing the right type is key

- Different historic network lay-out
= To change network structure = high costs
Madify all substation + cables
Limited budgets: only 2 - 3 % annually!|
. Changes are gradual but effective
= E.g. higher voltage for lower losses and higher capacity
230V > 400V
6000 V = 15000 V

= Special types are needed to facilitate transition

Ecotransiormer - staksholder meeting 16972016 - X’ SgﬂEl’grid
.

Optimising the network vs. component

= Optimising of network requires global approach
« Cables, substations, transformers, ...

= Specific network optimisation can yield much greater results
= Upgrade LV / MV voltage > lower losses
= Investment in bigger cables = lower losses & higher capacity in the network
= Voltage regulators = allow higher capacity & renewables

= Too strict policies can yield opposite results
® Dry type transformers vs. Oil type

» Dry transformer = higher losses but more compact — possible loophole?
= Overloading smaller transformers (higher total losses)

»
/
Ecotransformer - stakeholder meeting 16/9/2016 . ’% Sgl‘lefgl’ld
.
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Summary

- = e — e —————

Ecodesign should
= Take Into account feedback of Stakeholders
= Additional cash-out should result in benefits for users
= Allow retrofit and improvement of existing installation
= Be flexible to allow optimisation according the intended use and network system
= Encourage correct use of products

Ecodesign should not
= create products which are no longer suited for use
= Result in higher cost with little benefits
= Limit new technologies
= Encourage the wrongful use of products
= Encourage proprietary technology

Ecotransformer - sushshoider meeting 16/8/2016 -~ Synergrid
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Eurelectric and ESBN input to EU Review of
Commission regulation 548/2014 on Ecodesign

requirements for small, medium and large power
transformers

Anthony Walsh BE, MIE, MBA, ACCA
Manager, Materials Introduction and Innovation, ESBN

Chair, Eurelectric Network Equipment of WG Standardizatio

18° Sept. 2016

Overview s

1. Economic and Technical Approach to Tier 2
2. Proposals for small Single Phase MV Transformers

_
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Principals:
@ NETWORKS

The EcoDesign Directive requires the benefits from initiatives to be proportionate
to the investment costs, so that the overall cost for final customers is not
Increased.

Balancing the energy efficiency of Distribution and Transmission networks without
Increasing the costs to final customers has also been the goal of Network utilities.

For society, the overall cost of the extra investment In Transformer costs is
Justified if matched by a similar value in Increased energy savings — otherwise the
same investment could be made in other projects that would give better returns in
terms of energy savings.

Principals:

wETwonxs

« must be that of the KWh anergy cost only as other components of electricdy price are taxas
and fixed costs which will not be affected by loss reduction

Use appropriate Price of electricity :

+ must be a long lerm average to reflect changes in genaration mux - move te PV, Wind with
high initial cost and very low running costs

Use Appropriate Discount Rate:

* An appropriate nak adjusted discount rate must be used appropnate for Iha risk associated
with this project as sat out in EU ‘Guide to Cost Benefit of investment Projects

Include Associated Costs:

« Allowance must be made in tha economic analyss for Installation costs and other costs
associated with larger/heavier energy efficient transformers (Transport, Civil Works, Retrofi

restrictions) as these are real and significant costs. Most Transformers are used
interchangeably between New and old works and must be suitable for both

Learn from experience i.e. Review of impact of Tier 1:

o Assesament of impact of Tier 1 on waeight and cost seems to have been +20% - was this In
line with expectations?

* What are weight and cost implications of Tier 27
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Principals (contd.) EYE] verwonss

Leave Scope in Efficiency Levels of Proposed Tiers for use of Capitalisation (i.e.
not set at extreme limits):

» DNO'’s must optimise investmanits across the whole system. not just on one component

e DNO's use the Tier to se! the minimum threshold for Transformer purchases and then
Capitalisation to optimise the required level of efficiency - it is not worthwhie in 3
transformer having very low copper losses I the load is very low, So DNO's use the sama
Discount Rate to ensure the same value is recaived from all investments.

¢ |f Tar is set too high then Capitalisation i not effective and extra monies will be spant by
utility on further reductions in transformer losses whan a better raduction in losses could be
achiaved by spending the same money elsewhere

« Simdarty, if Teer |s s&1 too high then It may be that only a proprietary technelogy (2.9
amorphous) can be considerad, which makes Suppliers uncompetitive

Provide a clear Mechanism to deal with exceptions:

« The vast majority of transformers are simple components whare it is stralightforward to set
efficiency levels that are appropriate

« In tha remaining cases it can be excessively expensive to comply with efficiency targets, the
numbers of iransformers ara low but there is no straightforward method to deal with such
cases e.g. HV/LV 100kVA trafo has to be 1000kva to be manufac

Provide a Transition to Tier 2 for Tenderni

Approach: e —

Involve economic experts from beginning:

o Assessment of the cost ~benafit of Tier 2 requires significant ecenomic and financial
expertise and such expertise should be brought Into the project from the start

Consult Regularly with expert Stakeholders
» Utilities/Eurelectric whose customers pay for any changes

« Cenelec representing Transformer Manufacturers and Users

Concentrate on the 80% of Transformers where Energy Savings possible, not the 10%
where special rules and cases are roquired!

Eurelectric and it's member utilities are willing to help in the formulation of Tier 2!
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Single Phase Transformers NETWORKE

[E LU P D

Single Phase Transformers el werwouss

HV/MV Station (Rural)

C 27.000km
3 Phqu MV Backbone Line £4.000km
....... 1 >
Ty et 55,000k o
& m M
OH Traso :\Jﬂm Sangl P MV 200m LV OH Mains
v Phase
Trato 3ph trafos) oo .
[\ 2 15 & 33 WVA Pole-
Mains Mournted Tranafarmar

(c 209,000 8P MVAYV Trafos)
671k cusiomens

Sl S
House
Irish Electricity Network (2.2m customers)

Sphuse MV UG Cable ox HV Substation,
feeding UG GM subie, dofined os Urban

Unlike UK and the Continent, most Irish rural customers live in isolated rural dwellings, not
in villages, so that they do not generally share transformers. Hence the size of transformer
i3 small - 30% of Irish customers live in one off rural houses and 40% In rural areas
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Single Phase MV/LV Pole Mounted Transformers WETWORKS.

Single Phase MVILV Pole Mounted Transformers are only used in Ireland and in the UK

Use is predominantly in supplying Rural load from Networks which are only Single
Phase as the expense of providing three phase for such low density loads was not
economic.

Single Phase Transformers neTwoRss
About 5,500 §ing‘; Phase Pole Mounted Transformers pa used in Ireland and 5,000 pa in
UK

In UK 90% of Single Phase Trafos pa are less than 50kVA each {50% - 25kVA, 20% -
15kVA, 20% - 50KVA) — approx. 130MVA

In Ireland 90% are 15kVA units increased in size from 5kVA following voltage upgrade
from 10kV to 20kV which required Transformer replacement (- voltage upgrade saves
75% of losses on MV conductors).

15kVA size and low 2.2% impedance required to Increase SC Level to target of 200kVA+.
- this impedance was not achievable by reducing Reactance so extra Copper had to be
used to reduce resistance leading to very low Copper losses for technical rather than
economic reasons,

Overall capacity por annum for Ireland is hence 5,500 x 15kVA = 82MVA per annum and
130MVA pa in UK, which are tiny when compared to Transformers used in Urban areas —
most Transmission Transformers will be >100MVA.

Loading on 15kVA Transformers is low as very few customers are connected to each
transformer, so that simultaneous use of power which would increase Copper losses is
very low, Previous Irish Capitalisation values were €6,900/kW for lron but only €300/kW
for Copper — however Copper losses are decided by impedance of 2.2% not by
Capitalisation, and are 270W Copper and 48W Iron for a 15 i
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SOANA and 100RVA ity

Transformer Losses proposed by Cenelec to EU —

Cenelec WG 21 prepared submission for EU in md 2014 on proposed Single Phase
Transformer losses following discussions between UK and Irish DNO's.

This took into account limits on welght and noise for the more popular sizes, and
also that loss levels on most Irish transformers were determined by Impedance
and Noise rather than economics i.e. Irish Trafos more efficient than economics
require.

PEI (with Capitalisation) was proposed because the ratio of Copper to Iron Losses
will depend on how the Trafo is loaded, which is different from Village to isolated
rural house.

Current UK & ireland |green), Weighted
Average for UK, Actusl for Ireland

e -

L]
n T

m %00 962
128 96N

PEl values far singie-phase pole mountod
Tranaformers with Sr <100%VA

Graphical understanding nerwonss

Propesed tU d o LY Twrm € W Leweh
— t Can e soen MO the TN (Nt D UL sffcmnces
e ahowe o NUUer ang are Delaw the careest levely
S - 0 ireland tor 156VA and S10VA Tramdarmens. partly
-
- -2 Because they are 3 weghoed average of o oMicienciey
/ Meweser (e 1 Mo 5 are 3
- -
L Presominantly try the 2.2% vt egunener aod
o = — law nome levwh 2ather than Sy econsm
1 i 1unsisderatiom
-
! -y
- Arrurdivgly e SO% of US Sngie Mace Tranifiersrars
- —ri—
v in Ui saw range the iish sfficences could te
o n Ased 20 form 2 Tier 2 beexchurmuars
.
- .-‘
-
. " - - - -

un the "sencbinty’ of the peapated Tier L 4 beve ) was cherbed agaast the nBadus Aavses of vach categnry of OND transtoemes avalabie = sevan LN

L0 INE 2312 Dt (Reoe warre The ned sith rural Nisteriendy whech used Soghe Prase Traashormerns

Of ihete categones SO were o the proposed Tar 1level and S0% Selow, 9 O30 f Tier 1 were implementad imvmadately 3% of UK Trato Categoried
would require reduced losses Tor Tier 2 the tewely dNOSEN Wote hase carrerelly uset] 18 (recand 0n the DaTIL DR Tharse Wi e 1echincaly leastile snd
sconumtally jaatified 2ead or ewahing prices dertoed fmm ith Terders at thase beewis af officienry, st the glde path ' was then earapolated 1o cover
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Sensitivity Analysis (Background): S5 werwoncs
33kVA
Option | Opsion | Opton
A L] c

490 450 450

280 288 290
A sensdivaty analysis on the most efficient units (15 & 33kVA) was conducted 10 assess whether any turther
docrease i losses would produce 2 net taving was conducted by & manulscturer and indcated that at current
prices the existing design had beon optimised at both the ISkVA and 33%VA lovels (a5 would be expected from
the requirement to have 2.2% Impedince)

Nota 1. It should be nated that the single specificaton and Tender for Insh Transformers yields
appreciable reductions in costs over thus facad by & typical DNO. 50 that what 13 optimal in lreland 15
not necessarily feasible in the UK o peesent

Note 2; Amorphous has similar coppér fosses but much lower Iron Losses. The Core Material is made by
Hitachi Liapan) or Metglas (Hitachi Metals) so restricted range of Suppliers. Costs are uncertain and will only
be determined by Tender.
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'f’oleg;aratory study for the review of Commission
Regulation 548/2014 on Ecodesign requirements
for small, medium and large power transformer

Kick-off meeting with stakeholders

Paul Van Tichelen

Brussels, DG GROWTH
16" of September 2016

Agenda

»  9h30: registration desk opens in EC building Breydel in Brussels (pl
check that you have your ID card or passport with you)

» 10h00-10h20 Coffee in meeting room Ayral

» 10h20-10h30: Presentation of the study team and tour de table

» 10h30-10h50: Scope of the assignment (Paul Van Tichelen, VITO)

» 10h50-11h20: Regulation 548/2014 (Paul Waide, Waide Strategic)
» 11h20-11h40: Data needs and data sourcing (Berend Evenblij, TNO)
» 11h40-12h: Comments on data sourcing

» 13h-13h20: State of art in CENELEC TC 14 standardization (Angelo
Baginni, CENELEC TC14, University Bergamo)

»  12h20-13h20: lunch

f Vlto erhiniigy SE0N01E 2
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»~Vito |

Agenda afternoon

13h20-14h40 Stakeholders view in the review of Commission Regulation
548/2014.
» 13h20-13h40 The present time situation viewed by the manufacturers
(Michel Sacotte, Orgalime, Schneider-Electric)

» 13h40-14h10 The view of a DSO: Wim De Maesschalck (Synergrid) &
Anthony Walsh (ESB Networks)

»  14h10-14h40 Any other welcome

14h40-15h: Closing, participants expectations and priorities with respect to the
review of Regulation

16082018 3
3 Winw

EC policy officer & Study Team

»  EC policy officer: Cesar Santos
i+ Study Team:
» Team leader: Paul Van Tichelen (VITO)
» Koen Vanthournout (VITO), Electrical grid expert/smart grids; Dominic
Ectors (VITO), website
» Berend Evenblij (TNO); Peter Heskes(TNO); Julian Croker (TNO):
Electrical machines and power electronics expert, including
transformers, data sourcing and processing

» Paul Waide (Waide Strategic), Energy efficiency policies including

transformers
» Table round
»  Use of voice recording
‘-’ VIto T — TEONINE ¢
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»

7~Vvito

»

»

7~ Vvito - ——

Introduction

Background Is the Ecodesign Directive 2009/125/EC that resulted in
‘Implementing Measures’ (EC Regulation ..) which is:

COMMISSION REGULATION 548/2014 ON ECODESIGN REQUIREMENTS FOR
SMALL, MEDIUM AND LARGE POWER TRANSFORMERS

This is a preparatory study for the review
More information on the Regulation will be in the presentation of Paul Waide

Further info: https://transformers.vito.be/

V] 16022010 b
mamt Wi w

Article 7 of Commission Regulation 548/2014

Article 7 Review No later than three years after the entry into force(10/6/2014),
Specifically, the review will assess, at least, the following issues:

»  the possibility to set out minimum values of the Peak Efficiency Index for all medium
power transformers, including those with a rated power below 3 150 kVA,

» the possibility to separate the losses associated to the core transformer from those
associated with other components performing voltage regulation functions, where
this is the case,

» the appropriateness of establishing minimum performance requirements for single-
phase power transformers, as well as for small power transformers,

» whether concessions made for pole-mounted transformers and for special
combinations of winding voltages for medium power transformers are still
appropriate,

»  the possibility of covering environmental impacts other than energy in the use
phase

In addition investigate if, in the light of technological progress, minimum requirements
set out for Tier 2 in 2021 are still appropriate.

©300 WIc w
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Additional requirements of the assignement
Therefore the following tasks are specified:

»

¥

Task 1: Verification of existing minimum requirements for Tier 2

Task 2: Consideration of minimum requirements for single-phase
transformers

Task 3: Verification of existing exemptions and regulatory concessions,
with subtasks:

» Task 3.1 - Verification of exemptions in Regulation 548/2014

» Task 3.2 — Analysis of criteria for the repair of transformers in
Regulation 548/2014

» Task 3.3 — Verification of concessions for transformers with unusual
combinations of winding voltages

» Task 3.4 = Verification of concessions for pole-mounted transformers
Task 4: Analysis of other environmental impacts
Task 5: Conclusions and recommendations
Task 6: Reporting and workshop

/» vito

ay S60W2018 ?
®20m WO W

Objectives in a nutshell

Fevio .

verify if requirements for Tier 2 are still cost-effective from a lifecycle
analysis perspective;

provide evidence for a consideration of minimum efficiency requirements
for single-phase transformers;

verify if regulatory concessions made for pole-mounted transformers and
transformers with special combinations of winding voltages are still
appropriate;

analyse if existing requirements for medium power transformers based on
absolute levels of losses should be converted to relative values based on
the Peak Efficiency Index;

analyse if widely accepted criteria for the repair of transformers can be
developed;

analyse if other, non-energy, environmental impacts of transformers
should be regulated

182620% L]

8391 VD W
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Task 1: Verification of existing minimum
requirements for Tier 2

o verify if the minimum energy efficiency requirements in Regulation
548/2014 for Tier 2 level, applicable in 2021 (see also presentation on
the Regulation)

» Inthe light of technological progress: cost-effective, and
technologically feasible?

» estimate of the efficiency levels of the installed base of transformers
in the EU, broken down according to the different categories
described in Regulation 548/20147

» Use the Peak Efficiency Index such as for power transformers?

» Introducing a Tier 3 level with stricter requirements, indicatively
sometime between 2023 and 2025?

16082016 °
20 W

Task 2: TASK 2 CONSIDERATION OF MINIMUM
REQUIREMENTS FOR SINGLE-PHASE
TRANSFORMERS

» Single-phase transformers were excluded from the scope of Regulation
548/2014
» Mainly used by utilities in Ireland and the United Kingdom

» investigate whether it is technically and economically justified to extend
existing minimum energy efficiency requirements during Tier 2?

»  Follow the MEErP methodology (see previous preparatory study)

7~ Vito
’ ehios echaniugy 16062018 10
amn W
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Task 3: VERIFICATION OF EXISTING
EXEMPTIONS AND REGULATORY CONCESSIONS

» TASK 3.1: VERIFICATION OF EXEMPTIONS IN REGULATION
548/2014

» See later presentation on the regulation

» Is the rationale behind it still valid? Are there
unintended consequences?

» TASK 3.2: ANALYSIS OF CRITERIA TO INCLUDE THE REPAIR OF
TRANSFORMERS IN REGULATION 548/2014

» Should we cover them in an update? Are there market
figures on this?

» proposal for a regulatory extension

f( Vlto 16052010

Task 3: VERIFICATION OF EXISTING
EXEMPTIONS AND REGULATORY CONCESSIONS

»  TASK 3.3: VERIFICATION OF CONCESSIONS FOR TRANSFORMERS WITH
UNUSUAL COMBINATIONS OF WINDING VOLTAGES

» Table 1.3 of Annex | in Regulation 548/2014 (see later presentation)
» needs to be expanded for cases not yet covered?
» Reconsidering existing regulatory concessions

»  TASK 3.4: VERIFICATION OF CONCESSIONS FOR POLE-MOUNTED
TRANSFORMERS

» Table 1.6 of Annex | in Regulation 548/2014 provides concessions

» an assessment of whether regulatory concessions for pole-mounted
transformers should be maintained or should be phased out?

f v'to v 6032016 ”

69



5
i

Preparatory Study for the Review of Commission Regulation 548/2014

TASK 4 ON ANALYSIS OF OTHER
ENVIRONMENTAL IMPACTS

» Note: The Ecodesign methodology (MEErP) used for this preparatory
study has been revised in 2013 compared to those used in the existing
preparatory study.

»  MEErP 2013 was updated with a view to elaborating on the material
efficiency aspects. (note that recycling is more elaborated)
»  Will use data Task 1 (8ill of Material)

»  Purpose: investigation of significant environmental impacts, other than
energy, are justified to consider additional requirements

— vpto B — ~

TASK 5 ON CONCLUSIONS AND
RECOMMENDATIONS

» collect the findings made in Tasks 1 to 4 with a view to making targeted
recommendations to improve, extend or reduce the coverage of
Regulation 548/2014

» An inventory of any technical and position papers (both solicited and
unsolicited), submitted by social and economic actors in the context of
Tasks 1 to 4 will be included in this task.

»  The actual papers will be included as annexes.
» Output is draft final report
» Will be discussed in a validation workshop (all stakeholders)

7~Vito

18062016 bl
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Planning chart

bt Ocz L O In
Toon 1
TLrrarket soowmning data solbectian (v o npat 33 Tk 224
T1- whetsaruse angeey ricyng dany
Tl start marking W LOC MK G000 eacess ng
T1Aral 2303 procesingh sepont
TLrepert closte
Tawk 2
T2 cobedl UF rwaamry thats arelfcr eatraparate tram (84
12 Coralon tezrwosm btk + conwis
T2-repont
Tamr 1 . .
Thirpat seta frem 71 x
TH Wesamptians), T3 Numwsud typesl, 13 4 [pole seonted|
TH 0008 Uverh weth ather pakopali/us
T2 hevwt
Task a4
13 ingast dats from T2
14 proce Inwaot '
Task s
TS Colect an2 proges indeg T1 4
Th Pracess sech A pestion papers
Takh
T6repont
16 warkihag
Co st man satter
7 ¥ 160N

& 000, WO WY

Planning important milestones

» 1Sep 2016: Launch project & website:
https://transformers.vito.be/

» 16 Sep 2016: Project kick-off meeting with EC/Stakeholders
» Draft final report (within 6 months) (<March)

» Stakeholder workshop in March
» Final report (within 8 months) (<May)

7~ Vito

184052018
2 WTO Wy
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Questions & Conclusion

» Scope:any?
» Questions, AOB?
-~ vito .
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Project: Lot 2 Ecodesign Preparatory Study for small, Vegad ”m:.’u;
medium and large power transformers, Kick-Off meeting '.”;g.,“éf.';‘,'f.’.?.g..".(
Topic: Input from Desmark
Nonwegian Water Resources and Energy Directorate (NVE) TIL; 445 33 3490 00
Date: 15-08-2016 L
To: Paul Van Tichelen, VITO, paul.vantichelen@vito.be
Copy to: Kirsti Hind Fagerlund, NVE, khf@nve.no
From: Carsten Tonn-Petersen, Viegand Maagoe A/S, ctp@viegandmaagoe.dk

The Norwegian Water Resources and Energy Directorate (NVE), in this case represented by
consultants from Viegand Maagee A/S, would ke as stakeholders representatives to forward the
following views and comments, with the purpose of having an impact on the now starting
preparatory study for the revision of the regulation for small, medium and large power
transformers, as stated in Article 7 of 548-2014,

NVE's main statutory objective is to promote social and economic development through an efficient
and environmentally sound energy preduction, as well as efficient and reliable transmission,
distribution, trade and efficient use of energy. NVE's responsibility covers the regulatory area as
well as other activities defined by law, regulations and decisions from the Norwegian Parliament,

The Nerwegian Parliament has taken EU Regulation 548-2014 into Norwegian law in 2015 and
NVE has conducted various information activities concerning the topics covered. The following
views and comments have been collected during meetings and form correspondence with
Norweglan stakeholders, both manufacturers and users,

Data sourcing:

Data from Norvay should be a part of the complete database used in the study. Very often we see
that data from Norway are left out of similar studies. even if data are plentiful and useful. Since the
regulation is supposed to be used in the entire EEA, and not only in the EU, it Is important that not
only the Commission but also the consultants that prepare the studies gather information and
stakeholder views from all countries. We suggest that the new study will contain a more detailed
description of conditions that are special for individual countries, including Norway.

Special conditions in N :

Norway has to deal with special problems in several ways. Because of a very high degree of
electrical heating in houses, heavy industry and long distances compared to other countries in the
EU, Norway has high electricity consumption per capita and a large amount of transformers in use.
This makes Norwegian stakeholders important to consider, both as producers and users.
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Unfortunately at the same time these factors combined with the rocky and remote geography of
Norway also presents several problems regarding keeping In compliance with 548-2014 and at the
same time maintaining good economical practice, eg.:

1. Narrow roads, tunnels and bridges very often set a limit to the sze and weight of
transformers that can physically be transported to remete sites. Since new and more
efficient transformers are often heavier and larger, older transformers will not be replaced
by new ones,

2. Not only transport and handling is difficult, but very often streets and buildings are difficult
te alter to accommodate larger equipment, due to the solid rock underground.

3. Norway uses many pole mounted transformers due to rocks in the ground and the difficulty
of using cables; hence most distribution is carried on masts and poles. This gives Norvay a
special interest in how the pole mounted transformers are covered in the regulation,

4. Due to factors menticned in 1., 2. and 3., the price of transport and instaliation is often
unreasonably high, both when replacing and installing new transformers.

5. Norway has a need for a rather high number of special emergency transformers with
several possible voltages, due to difficult repair situations in remote places,

6. Stakeholder producing transformers locally in Norway are concerned about the much
higher prices on their products, due to the need of high purity copper and new types of core
material in order to build transformer with correct efficiency. Increased allowed loss-
tolerances (e.9.: +2 %) could make the demand for a very uniform (and therefore
expensive) material quality.

7
Questions from stakeholders:

The question (8) from the FAQ about how to interpret 548-2016 with respect to three-winding
transformers (question raised from Nonwegian stakeholders 10-2015) is still very unclear. Aithough
the measurements required are described in norms, there are still problems vath interpreting the
results of the measurements. These types of transformers are widely used in Norway, and the
definition of loss levels is urgent, We suggest that the consultants working with these questions
take contact to Nonvegian stakeholders whe already have methods in use that could be used in
the revised regulation

Stakeholders find it difficult to be in compliance with 548-2014 when purchasing new emergency
transformers. This question is only partly covered in FAQ (7) since this is only answered for

replacement of existing equipment,

Stakeholders find it sometimes possible to use the PEI figures instead of the full-load and no-load
losses to document compliance. Some find that this cannot be correct or feasible.

A future maximum loss of AD-10% ! Ak can turn out to be very expensive. Stakeholders suggest
that a maximum limit an the total loss (PO+Pk) might be more feasible.
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Paul Waide - Waide Strategic Efficiency Ltd, UK

Transformers Ecodesign stakeholder meeting
June 16" 2016
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Background

+ Europe originally initiated a voluntary effort to promote energy-
efficient transformers through the European narm 50464-1, which
covers the same liquid-filled units that were previously included in
the Harmonised Document HD 428

« For dry-type transformers, the European norm was EN 50541-1,
which was based on HD 538. In these voluntary standards,
maximum loss levels were associated with ratings of A, B and C,
using subscripts ‘o’ for no-load losses and ‘k’ for load losses

This approach was meant to facilitate transformer specification,
such that customers could choose a combination of no-load and
load losses, such as 'AoBk’

3 # Waide Strategic Ffficiency

Scope of Regulation 548/2014

+ In May 2014, Ecodesign Regulation 548/2014 for ‘small, medium
and large power transformers' was adopted which imposed
minimum energy performance and information requirements

- The regulation establishes ecodesign requirements for placing on
the market or putting into service power transformers with a
minimum power rating of 1 kVA used in 50 Hz electricity
transmission and distribution networks or for industrial
applications

- The Regulation is only applicable to transformers purchased after
the entry into force of the Regulation

s # Waide Strategic Efficiency
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Not in scope of Regulation 548/2014

This Regulation shall not apply to transformers specifically designed
and used for the following applications:

instrument transformers, specifically designed to supply
measuring instruments, meters, relays and other similar apparatus

transformers with low-voltage windings specifically designed for
use with rectifiers to provide a DC supply

transformers specifically designed to be directly connected to a
furnace

transformers specifically designed for offshore applications and
floating offshore applications

transformers specially designed for emergency installations

transformers and auto-transformers specifically designed for
railway feeding systems

earthing or grounding transformers, this is, three-phase
transformers intended to provide a neutral point for system

grounding purposes; ; & Waide Strategic Efficiency

Not in scope of Regulation 548/2014

traction transformers mounted on rolling stock, this is,
transformers connected to an AC or DC contact line, directly or
through a converter, used in fixed installations of railway
applications

starting transformers, specifically designed for starting three-
phase induction motors so as to eliminate supply voltage dips

testing transformers, specifically designed to be used in a circuit
to produce a specific voltage or current for the purpose of testing
electrical equipment

welding transformers, specifically designed for use in arc welding
equipment or resistance welding equipment

transformers specifically designed for explosion-proof and
underground mining applications (1)

transformers specifically designed for deep water (submerged)
applications, — medium Voltage (MV) to Medium Voltage (MV)

interface transformers up to 5 MVA ‘ Waide Strateaic Effici
alae oftrateqgic cincienc
6 g y
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Not in scope of Regulation 548/2014

+ large power transformers where it is demonstrated that for a
particular application, technically feasible alternatives are not
available to meet the minimum efficiency requirements set out by
this Regulation

- large power transformers which are like for like replacements in
the same physical location/installation for existing large power
transformers, where this replacement cannot be achieved without
entailing disproportionate costs associated to their transportation
and/or installation

except as regards the product information requirements and technical

documentation set out in Annex |, points 3 and 4,

. & Waide Strategic Efficiency

Requirements for three-phase liquid-immersed

medium power transformers < 3150kVA
with one winding with Um s 24 kV and the other one with Um s 1.1 kV

Rated power Tier 1 (from 1 July 2015) Tier 2 (from 1 July 2021)

(kVA) Maximum no-load  Maximum load Maximum no-load  Maximum load
losses losses losses losses
P, (w)* P W)Yy PW)” P, (W)
A, (70) C, (900) A - 10% (63) A, (600)
A (90) C, (1100) A, - 10% (81) A, (750)
A, (145) C, (1750) A, - 10% (130) A, (1250)
A 1210) C, (2350) A, - 10% (189) A, (1750)
A, 1300) ¢, (3250) A, - 10% (270) A, (2350)
A, (360) C, 13900) A - 10% (324) A (2600)
A, (430) C, (4600) A_ - 10% (387) A, (3250)
A, 1510) C, (5500) A, - 10% 1459) A, (3900)
A, (600) €, (6500) A, - 10% (540} A, (4600)
A, 1650) C, (8400) A, - 10% (585) A, (6000)
A, (770) C, (10 500) A, - 10% (693) A, (7600)
A, {930) B, (11 000) A, - 10% (855) Ay (9500)
A, (1200} B, (14 000) A, - 10% (1080} A, (12 000)
A, (1450) B, (18 000) A, - 10% (1305) A, (15 000)
A, (1750) B, {22 000) A, 10% {1575) A, (18 500)
A, {2200) & (27 500) A, 10% {1980) A, (23 000)

* Maximum losses for KVA ratings that fall between the ratings given In this tabla shall be obtaned by

e . & Waide Strategic Ffficiency
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Requirements for three-phase dry-type medium

power transformers < 3150kVA
with one winding with Um < 24 kV and the other one with Um < 1.1 kV

Rated power Tier 1 (from 1 July 2015) Tler 2 (from 1 July 2021)
(kVA) Maxirmen no-load  Maximum load Maximum no-load  Maximum load
losses losses losses losses

P, (W) P, (wW)y* P (W) Py (W)

A, (200) B, 11700} 10% (180} A, (1500)
A, {280) B, (2050) - 10% (252) A, (1800)
A, {400) B, (2900) 10% (360) A, (2600
A, (520) B, (3800) 10% (468) A, (3400)
A, (750) B, (5500) - 10% (673) A, (4500)
A, (1100) 8, (7600) 0% (990) A (7100)
A, (1300) A, (8000) 10% (1170) A, (8000)
A, 11550) A (9 000) 10% (1195) A, (5000)
A, (1800) A, (11 000) 10% (1620) A, (1100
1600 A, (2200) A, (13.000) - 10% (1980) A, (13 000)
2000 A, (2600) A, (16 000) 10% (2340) A, (16 000)
2500 A, (3100) A (19 000) 10% (2790) A, (19 000)
31150 A, (3800) A (22 000) 10% (3420) A, (22 000)

FEFEFIFFTIEIITF

* Maximum losses for kVA ratings that fall between the ratings grven in thes table shall be obraired by

linoar interpolation
¥ Waide Strategic Efficiency
9

Correction of load and no load losses in case of other
combinations of winding voltages or dual voltage in
one or both windings (rated power < 3 150 kVA)

Otie windiag with U_ = 24 AV aod | The maximum allowable losses @ Tables 1 1 and 12 thall be increased by 10 % for
the odher with U_ > 1,1 kv 1o lood losses and by 10 X for load losses

One windesg wath U_ -~ 16 kv and | The maximum aBowable fosses s Tables 11 and 1.2 thall b increased by 15 % for
the other with U_ = 1,1 &V no load losses and by 10 % for load losses

One windag with U_ - 16 kY and | The maximum sBowable losses wdicated i Tables | | and 12 shall be increased br
the other with U_ > 1,1 kV 20 % for no load Joases and by 15 % for load losses

10‘ Waide Strategic Efficiency
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Correction of load and no load losses in case of other
combinations of winding voltages or dual voltage in
one or both windings (rated power < 3 150 kVA)

Case of dual voltage on one I caze of transformers wich one high-volage windin two voltages avaloble
winding bomua ped low-vcitage winding, lomssalbecgr«hnd&xdonhhrﬂut
the low-voltage winding and shail be 1 compl with the

alo-nﬂrlnunnhblesll and 12 n-vrumumwabb\opo-wmm:bwn
voltage of the low.voltage wind e 3 shalf be limited 10 0.85
ddnmdpoummwwmrm nh:;cmwuqmnhgtmvolup

In case of transformers with cne low-vokiage windeg with rwo voltages available
rdmv tage winking. losses shall be calculated based oa rhw higher
oltage winding and shall be in comph with the
lbkhssﬂ n I‘.lblal | md 12, The maxinzum availlable power on the lower
voltage of meﬂmgoﬂuhmmfwmrhﬂbemedmou
of the sated power assigneed 0 the Tigh-voltage wisding at its higher volrape

If the full al power i availabl of the of volt:
tbthdldlommd-wumhbhllmdlzcanbemmmdbv 15 X for no
load losses and by 10 % foc load Josses

Caze of dual voltage on both wind- | The mastmum allowable loszes in Tables L1 and 1.2 can be wcreased by 20 % for
ings nolodlo;mad!-y'O\forlodhsmfmmns&ﬂmnwhwmpm
both windings [he level of Josses is given for the st possible rated power
and on the Basis that the rated power i the sume less of the combination of

vokagei
11. Waide Strategic Ffficiency

Requirements for medium power transformers
< 3150kVA

with tapping connections suitable for operation while being energised or on-load
for voltage adaptation purposes

Voltage Regulation Distribution Transformers are included in this
category

The maximum allowable levels of losses set out in Tables I.1 and
1.2 (the tow previous tables) shall be increased by 20 % for no load
losses and 5 % for load losses in Tier 1 and by 10 % for no load
losses in Tier 2.

12‘ Waide Strategic Efficiency
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Requirements for liquid-immersed medium power
transformers > 3150kVA

Minimum Peak Efficiency Index (PEl) values

Rated power (kVA) Tier 1 (from 1 July 2015) Tier 2 (from 1 July 2021)
Minimum Peak Efficiency Index
(%)
3150 <« Sr <4000 99,465 99,532
5000 95,483 99,548
) 99,510 99,571
99,535 99,593
99,560 99.615
99,588 99,640
99,615 99,663
99,639 99.684
99,657 99,700
99,671 99,712
99,684 99,724

* Maximurm losses for KVA tatings that fall between the ratings geven in this table shall be obtasned by
linear interpolation

13* Waide Strategic Efficiency

Requirements for dry-type medium power
transformers > 3150kVA

Minimum Peak Efficiency Index (PEI) values

Rated power (kVA) Tier 1 (from 1 July 2015) Tier 2 (from 1 July 2021
Minimum Peak Efficiency index
%)
1150 < Sr < 4 000 99,343 99,382
5000 99,154 99,387
6300 99,356 99,389
B000 99,357 99,390
>10000 99,357 99.390

* Maximum losses for KVA ratings that fall betwean the ratings given In this tabile shall be obtained by
inear interpolation

14‘ Waide Strategic Efficiency
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Requirements for liquid-immersed medium power
pole transformers with 25 > kVA < 315

Rated power | Tier 1 (from 1 July 2015) | Tier 2 (from 1 July 2021)
(KVA) Maximum no-load  Maximum toad Maximum no-load  Maximum toad
losses losses losses losses
1wy w)* (P W) w)
A (70) G, (900) AL 70) B, (725)
A, (90) €, (1100) A, 190) B, (B75)
A, (145) C, (1750) A, (145) B, (1475)
C, (300) G+ 32% (3102) C, - 10% (270) C, + 32% (3102)
C, (156) C, (2750) B, (310} B, (2333)
C, (425) €, (3250) B, (360) B, (2750)
C, (520) C, 13%00) B, (440) B, (3250)

* Madmum losses for kVA ratings that fall between the ratings given in thes tabla shall be obtamed by
lingar interpolation

15‘ Waide Strateqic Efficiency

Requirements for liquid immersed large power

transformers
Minimum Peak Efficiency Index (PEIl) values
Rated power (MVA) Tier 1 (from 1 July 2015) Tier 2 (from 1 July 2021)
Minimum Peak Efficiency Index
%)
99,465 99,532
99,483 99,548
99.510 99,571
99,515 99,593
99,560 §9.615
99.588 99,640
99,615 99,663
99.619 99,684
99,657 99,700
99,671 99,712
99,684 99,724
99,696 99,734
99.709 99,745
99,723 99.758
99,737 99.770

* Maximum losses for KVA ratings that fall between the ratings glven in this table shall be obtained by
linear interpolstion

16" Waide Strategic Efficiency
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Requirements for dry-type large power

transformers
Minimum Peak Efficiency Index (PEl) values
Rated power (MVA) Tier 1 {(from 1 July 2015) Tier 2 (from 1 July 2021)
Minimum Peak Effsciency index
(%)
99,158 99,225
99,200 99,765
99,242 99,303
9,298 99,358
99,3130 99,385
9,370 599,422
99,416 99,464
99,468 99,513
99,521 9,564
99,551 99,592
99,567 59,607
99,585 9,623
99,590 99,626

* Manimum losses for KVA ratings that fall between the ratings given in thes table shall be obtained by
linear interpolation

17‘ Waide Strategic Efficiency

Review

No later than three years after the entry into force, the Commission
shall review this Regulation in the light of technological progress and
present the results of this review to the Consultation Forum,
Specifically, the review will assess, at least, the following issues:

the possibility to set out minimum values of the Peak Efficiency
Index for all medium power transformers, including those with a
rated power below 3 150 kVA

+ the possibility to separate the losses associated to the core
transformer from those associated with other components
performing voltage regulation functions, where this is the case

the appropriateness of establishing minimum performance
requirements for single-phase power transformers, as well as for
small power transformers

18‘ Waide Strategic Efficiency
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Review

whether concessions made for pole-mounted transformers and
for special combinations of winding voitages for medium power
transformers are still appropriate

the possibility of covering environmental impacts other than
energy in the use phase.

19‘ Waide Strategic Efficiency

Question to stakeholders

- Are there any other aspects of the
re%ulatlon which were not mentioned in
Article 7 (review) that should be considered
for review?

20‘ Waide Strategic Efficiency
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Links and Contacts

Lot 2 Ecodesign study for small, medium and
large power transformers

https://transformers.vito.be

Paul Waide - Director

Waide Strategic Efficiency Ltd
4 Winster Avenue

Manchester M202YG

UK

Tiel: =44 161 883 0508
Mb: +44 7794 141 848
Em: paul@waide.co.uk

¥ Waide Strategic Efficiency

Additional slides

22‘ Waide Strategic Efficiency
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Definitions

1)'Power transformer’ means a static piece of apparatus with two or
more windings which, by electromagnetic induction, transforms a
system of alternating voltage and current into another system of
alternating voltage and current usually of different values and at the
same frequency for the purpose of transmitting electrical power

(2) 'Small power transformer’ means a power transformer with a
highest voltage for equipment not exceeding 1,1 KV

(3) ‘Medium power transformer' means a power transformer with a
highest voltage for equipment higher than 1,1 kV, but not exceeding
36 kV and a rated power equal to or higher than 5 kVA but lower than
40 MVA

(4) 'Large power transformer' means a power transformer with a
highest voltage for equipment exceeding 36 kV and a rated power
equal or higher than 5 kVA, or a rated power equal to or higher than
40 MVA regardless of the highest voltage for equipment

23‘ Waide Strategic Efficiency

Definitions

(5) ‘Liquid-immersed transformer' means a power transformer in
which the magnetic circuit and windings are immersed in liquid.

(6) 'Dry-type transformer’ means a power transformer in which the
magnetic circuit and windings are not immersed in an insulating liquid

(7) 'Medium power pole mounted transformer' means a power
transformer with a rated power of up to 315 kVA suitable for outdoor
service and designed to be mounted on the support structures of
overhead power lines

(8) 'Voltage Regulation Distribution Transformer' means a medium
power transformer equipped with additional components, inside or
outside of the transformer tank, to automatically control the input or
output voltage of the transformer for on-load voltage regulation
purposes

(9) ‘Winding' refers to the assembly of turns forming an electrical
circuit associated with one of the voltages assigned to the transformer

24‘ Waide Strategic Efficiency
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Definitions

(10)'Rated voltage of a winding’ (Ur) is the voltage assigned to be
applied, or developed at no-load, between the terminals of an
untapped winding, or of a tapped winding connected on the principal
tapping.

(11) 'High-voltage winding' refers to the winding having the highest
rated voltage.

{12) 'Highest voltage for equipment’ (Um) applicable to a transformer
winding is the highest r.m.s phase-to-phase voltage in a three-phase
system for which a transformer winding is designed in respect of its
insulation.

(13) ‘Rated power' (Sr) is a conventional value of apparent power
assigned to a winding which, together with the rated voltage of the
winding, determines its rated current,

25‘ Waide Strategic Efficiency

Definitions

(14) 'Load loss’ (Pk) means the absorbed active power at rated
frequency and reference temperature associated with a pair of
windings when the rated current (tapping current) is flowing through
the line terminal(s) of one of the windings and the terminals of the
other windings are in short-circuit with any winding fitted with
tappings connected to its principal tapping, while further windings, if
existing, are open-circuited,

(15) 'No load loss’ (Po) means the active power absorbed at rated
frequency when the transformer is energised and the secondary
circuit is open. The applied voltage is the rated voltage, and if the
energized winding is fitted with a tapping, it is connected to its
principal tapping

(16)'Peak Efficiency Index' (PEl) means the maximum value of the
ratio of the transmitted apparent power of a transformer minus the
electrical losses to the transmitted apparent power of the
transformer,

26‘ Waide Strategic Efficiency
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Conformity assessment

Conformity assessment shall be carried out applying the internal
design control procedure set out in Annex |V to Directive
2009/125/EC or the management system procedure set out in
Annex V to that Directive.

27‘ Waide Strategic Efficiency

Verification tolerances for market
surveillance purposes

The verification tolerances set out in this Annex relate only to the
verification of the measured parameters by Member States
authorities and shall not be used by the manufacturer or importer
as an allowed tolerance to establish the values in the technical
documentation

Measuted parameree Venfication tolerances
Load Yosses The measured value shall not be greater than the declared value by mare
than 5%
No Joad losses The measured value shall not be greater than the declared value by more
than 3 %
The electrical power required by the cooling | The measured value shall not be greater than the declarad value by wore
system for o load operation than 5%

28‘ Waide Strategic Efficiency
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Product information requirements

From 1 July 2015, the following product information requirements for

transformers included in the scope of this Regulation shall be included
in any related product documentation, including free access websites

of manufacturers:

» (@) information on rated power, load loss and no-load loss and the
electrical power of any cooling system required at no load;
(b) for medium power (where applicable) and large power transformers,
the value of the Peak Efficiency Index and the power at which it occurs;
(¢} for dual voltage transformers, the maximum rated power at the lower
voltage, according to Table |.3;

d) information on the weight of all the main components of a pawer
transformer (including at least the conductor, the nature of the conductor
and the core material);

(e) For medium power pole mounted transformers, a visible display 'For
pole-mounted operation only',

The information under a); <) and d) sh*lw&uél%%mﬁ remé ' ency

plate of the power transformers, 29

Technical documentation requirements

The following information shall be included in the technical

documentation of power transformers:

{a) manufacturer’s name and address;

() model identifier, the alphanumeric code to distinguish one model
from other models of the same manufacturer;

(¢) the information required under point 3.

If (parts of) the technical documentation is based upon (parts of) the

technical documentation of another model, the model identifier of

that model shall be provided and the technical documentation shall

provide the details of how the information is derived from the

technical documentation of the other model, e.g. on calculations or

extrapolations, including the tests undertaken by the manufacturer to

verify the calculations or extrapolations undertaken..

30‘ Waide Strategic Efficiency
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Verification procedure for market

surveillance purposes

(1) Member States authorities shall test one single unit per model;
(2) The model shall be considered to comply with the applicable
requirements set out in Annex | of this Regulation if the values in
the technical documentation comply with the requirements set out
in Annex |, and if the measured parameters meet the requirements
set out in Annex | within the verification tolerances indicated in
the Table of this Annex;

(3) If the results referred to in point 2 are not achieved, the model
shall be considered not to comply with this Regulation.

Given the weight and size limitations in the transportation of
medium and large power transformers, Member States authorities
may decide to undertake the verification procedure at the
premises of manufacturers, before they are put into service in
their final destination.

31‘ Waide Strategic Efficiency
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8. ANNEXH MINUTES OF INFORMATIVE STAKEHOLDER

WORKSHOP FOR THE REVIEW OF COMMISSION REGULATION

548/2014 ON TRANSFORMERS

Distribution: General ‘?j‘ V'to )

Date 29/03/2017 Ref. VITO/1610352/PVT

From Paul Van Tchelen Annex(es):  Powerpoint presentations of the
meeting + stakeholder comments (see
project website)

To 5 Cesar Santos; Stakeholders

Copy - Paul Van Tichelen, Paul Waide

Minutes of informative stakeholder Workshop for Preparatory study
for the review of Commission Regulation 548/2014 on transformers
£C Breydel building (Ayral room), avenue d'Auderghem 45, Brussels, 29™ March 2017

Participants

European Commission
DG GROWTH Cesar Santos (CS)
Project Team
viTe Paul Van Tichelen {PVT)
Paul Waide Consulting Paul Walde (PW)

Registered stakeholders for the meeting

Wim De Maesschalkck Eandis / Synergnd WD5
De Smedt Robby Laborelec RDS
Angelo Baggini Cenelec CENE
Michel SACOTTE T&D Europe T&D
Perre Lucas T&D Europe T&D
Anthony Walsh Eurelectric EUREL
Roman Targosz ECI EC
Kai Pallari ABB ABB
lean- RIBOUD RTE/ ENTSO-E ENTSO
Christophe

Patrick Lauzevis ENEDIS ENE
Christophe ELLEAU EDF Production DIPNN EDF
FREDERIC WALTER Cahors-Transfix / AFNOR UF14 CAHOR
lohn Bjarne Sund ABB/Norsk Elektroteknisk Komite JBS
Armin Viethauer E.ON SE EON

Month Year I 91



Preparatory Study for the Review of Commission Regulation 548/2014

Distribution: General ‘f‘ v Ito

vision on technology

Sram Spenen BE Ministry of Environment - Product policy BS
Sigrid Jacobs ArcelorMittal 51
Michael Scholand CLASP CLASP
Bram Cloet CG Power Systems Belgium NV G
KONSTANTINOS | PSOMOPOULOS | PIRAEUS UNIVERSITY OF APPLIED SCIENCE PIR
Ray Thomson Noratel AS NORA
Radoslaw Szewczyk DuPont + Polish National Committee POL
Mark Allington ICF ICF
lonathan Hayward BEIS BEIS
Régis Lemaitre thyssenkrupp Electrical Steel TK
Guililermo AMANN ORMAZABAL ORMA
Theo Meeks Stedin B.V. STED
Fernando Ramalheira EDP Distribuicdo EDP
Flavio Mario Mauri e-distribuzione FLAV
Carsten Tonn-Petersen Viegand Maagoe A/S for NVE VIEG
Christer Skotland NVE NVE
Paul Jarman National Gnid UK / IEC TC14 chairman UKGRI
Vincent Hay Energy Networks Association ENA
Andreas Halatsch environment agency germany AH
Gert Rietveld VSL VSL
Hans-Paul Siderius Netherlands Enterprise Agency NL
Mike Rimmer Dept for Business, Energy and Industrial Strategy RIM
MAR OLMEDO GEDELSA GED
Anders Hallberg Swedish Energy Agency SEA
laria sticchi ANIE Federazione ANIE
lesper Holmberg Brussels Direct/Hitachi Metals H
leremy Tait Tait Consulting Limited (for ECOS) ECOS
Moritz Schlegel BAM Federal Institute BAM
Franziska Schwerdtle 2VEl 2VEI
Herman Nollet EREA Energy Engineering BVBA EREA
Senta Marenz CEER (Coundil of European Energy Regulators) CEER

Objective of the meeting

The intention of the meeting was to serve as a stakeholder workshop for the preparatory study for
the review of Commission Regulation 548/2014 on Ecodesign requirements for small, medium and
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large power transformers. The study commenced In September 2016 and is expected to conclude in
May 2017 (9 months), The purpose of this meeting is discuss the draft report that was published on
the project website (https://transformers.vito.be/ } and to the hear the views of the stakeholders on
the related tasks. Before the draft report was compiled two stakeholder enquiries were launched
from which results are in the report and/or presented in the meeting.

Note: complementary to this minutes of the meeting the meeting powerpoint
presentation can be consuited together with the input comments received from
stakeholders on the project website

Agenda

9hO0: Registration desk opened
9h00-9h30 Coffee in meeting room Ayral
9h30-9h40: Presentation of the study team and tour de table

TASK 1

9h40-10h20: Task 1 report on minimum requirements for Tier 2 (Paul Van Tichelen, VITO) (incl.
remarks on discount rate (Eurelectric) and Tier 2 CAPEX (Hitachi Metals))

10h20-10h25: CAPEX for EE compared to CAPEX for RES(Paul Waide)

10h25-10h30: GOES development for Tier 2 {Regis Lemaitre, Thyssens Krupp)

10h30-10h50: TED Europe on Task 1 (Michel Sacotte, T&D Europe)

10h50-11h00: Impact of using Copper for Tier 2 GOES transformers (Roman Targosz, ECI)
11h00-11h15: Eurelectric on Tier 2 Economic feasibility in green field and brown field {Antony Walsh,
Eurelectric)

11h15-11h30: coffee

11h30-11h40: The view of TSOs (lean-Christophe RIBOUD, ENTS0-E)

11h40-11h55: Discussion on the Economic feasibility of Tier 2

11h55-12h15: Discussion on how to set Tier 2 requirements for medium power transformer
12h15-12h30: AOB related to Task 17

12h30-13h30: lunch

TASK 3

13h30-13h50: Task 3 VERIFICATION OF EXISTING EXEMPTIONS AND REGULATORY CONCESSIONS
13h50- 14h10: Summary of contributions by CENELECTC 14 pre-standardization activity (Angelo
Baginni, CENELEC TC14, University Bergamo)

14h10-14h20: T&D Europe point of view on Task 3 (Michel Sacotte, T&D Europe)

14h20-14h30: Example - existing limits in the EDF Nuclear installations {Christaophe ELLEAU, EDF)
14h30-14h40: Discussion on concessions for green field large power transformers

14h40-14h50: How to deal with pole mounted transformers?

14h50-15h00: Dual voltage: Is it a loophole? Review the requirements and how?

15h00-15h15: other G&A Task 3 +« How to proceed with input in Task 183

15h15-15h30: coffee break

TASK 4/2

15h30-15h40: Task 4 ON ANALYSIS OF OTHER ENVIRONMENTAL IMPACTS{Paul van Tichelen, VITO)
15h40-16h00: Task 2 CONSIDERATION OF MINIMUM REQUIREMENTS FOR SINGLE-PHASE
TRANSFORMERS(Paul Waide}
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16h00-16110: If and how to deal with small power transformers {Paul Walde)
16h10-16h30: Closing + ADB

Minutes

Short presentation of participants (all)
After all participants presented themselves, Cesar Santos welcomed the participants,

9h40-10h20: Task 1 report on minimum requirements for Tier 2 (Paul Van Tichelen, VITO)

(see Powerpoint presentation available on the website)

Amongst others PvT said that Hitachi has told him Trafo costs are lower than what is assumed in the
study and that the margins on sold products are low. Prices are in the reference — PVT asked for
stakeholders to review this data. PvT said Eurelectric had said that the discount rate should be 4% in
line with the better regulation tool #54. Seems unrealistic but even with this rdr the sensitivity
analysis seems to show that Tier 2 is still more economic than Tier 1. MEErP uses a 4% escalation
rate electricity prices for household products.

VT PVT said Eurelectnic had said that the discount rate should be 4% in line with the better

regulation tool #54. Seems unrealistic but even with this the sensitivity analysis seems to

show that Tier 2 is still more economic than Tier 1,

MEErP uses a 4% escalation rate electricity prices for household products that compensates

in calcutations the 4% discount rate,

EUREL | Anthony Walsh said

(a) 4% is the real discount rate after inflation - inflation of 2% is NOT subtracted from
the real discount Rate of 4%

(b) MEErP 4% Escalation rate refers to Household electricity including taxes and fixed
costs but is not appropriate to apply over full transformer lifetime

{c) Rate of €0.08/kWh refers to Domestic after DUOS deducted, rate of €0.12/kWh is
rate without deduction of DUOS.

PVT said he will add a calculation with 4% rdr to the next version of the study In a kind of

sensitivity analysts

cs confirmed that a 4 % discount rate combined with 4 % escalation rate is currently used for

household products

EUREL | Stressed that for households there are taxes and other factors that influences electricity

prices. According to him we can’t have a situation where energy prices are going up with 4

% per year, EUREL said also that long term financing costs needed to be added in.

CEER Supported the Euroelectric view on fixed costs of electricity not being reduced i.e. that

impact on energy costs should be the comparison basis.

T Says that we are aware that due to the long life time of transformers these aspects have a

strong impact. The study team has not a crystal ball on future development of interest rates

and electricity prices but will seek advice within the EC and add various scenarios in a

sensitivity analysis in an update of the report.

PVT explored what the impact would be if the total CAPEX costs were lower & BAT (AMT),

therefore reference was made to new transformer price input recelved from Hitachi

T&D said that there is new data that AMT costs are now much lower for Tier 2 but it is a new

data that has to be analysed

IH Jesper from Hitachi Metals said there is a link in their comments to the price of the products

FLAV | said do not forget installation costs
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sald he looked at this and found very different substation installation costs in BE and DE

ENE

Patrick Lauzevis said that there were many factors that affect these costs and there are
many steps to install a substation; installation can take up to six months. You have a
product price but after that you have transportation etc., Hence he said be careful with
considering the product price alone.

3

In summary PvT said Tier 2 is justified for green field sites but said that the main issue is for
brown field sites

3

presented the PEl and kPE! findings

Roman Targoz said load losses should be an increasing priority. He said Eurelectric’s model
is not relevant to current situation - based on load data from 10 years ago and situation has
changed as loads have risen.

said if the PEI approach were permitted for distribution transformers in Tier 2 we could
have cases with a higher efficiency at lower load levels

T&D

For manufacturers PEI is impractical to manage for distribution transformers and will
increase the price of transformers due to poorly adapted components supply and reduced
concurrency, it will lead to increased CO2 preduction in the event that the load factor is not
indicated {Often the case in diffuse market) and will also decrease the standardization of
transformers in European Countries.

UKGRI

said trafo designs for high and low loads were fundamentally a choice — can't have both for
a given price and therefore really critical that kPE| choice is open. Also takes issue on what
is happening on the network said that for transmission networks distributed generation is
increasing difference between minimum and maximum loads and that average loadings
may be coming down on transmission networks, DSM could have the opposite effect on
distribution networks

Said that manufacturers could check if it Is technical possible to have designs optimized for
either very high or very low loads

IH

Tier2 is justified for greenfield, one need to precisely define exceptions for brownfield- why
not use the Dok procedure for this?
Note that the Do MEPS could also be used for tier3...

EUREL

Anthony Walsh said some utilities are in favour of Fixed Losses, but others prefer PE|
because they want to be able to match the load factor of the trafo to the load they expect
to get. In high loads want to minimise Cu losses in low load situations want to minimise Fe
losses. So PEl should be available as an additional alternative to the values of Fixed Losses.

ENE

Patrick Lauzevis as opposed to AW said that for ENEDISF (DSO) fixed losses were very easy
to manage. Having several PE! options s very complex and he is not in favour of that. If
different PEl losses are allowed it's also difficult for the utility to manage the network
losses. | confirm ENEDIS prefer ‘fixed losses’.

For information other DSO than prefer use fixed losses ; EDF Nuclear plan, EON, RWE,
ENBW , Laborelec, Eandis, SSE, Iberdrola and Latvia ...

ORMA

sald need exception for trafos > 36kV but < 4MVa

ENTSO

said for nuclear stations safety aspects are of concern and therefore large transformers are
used indoor. He is not in favour of a minimum kPE| due to physical constraints.

This will be discussed in Task 3 and 15 also in later presentations.

Cesar Santos asked to clarify losses issue in response to IC Riboud and said that no load and
losses will remain as information requirement in the regulation. Therefore he asked
whether it makes sense to replace with minimum requirements with PEl and a formula
versus compared to tables with no bad and load losses? Please give me your views. Is there
a downside for compliance?

FLAV

said he favoured PEI but other stakeholders said they were in favour of fixed losses. Thera is
no agreement on this. A possible proper solution i5 to keep fixed losses as preferable and
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PEl as alternative.

EUREL | Anthony Walsh said the additional alternative of PEI still allows using fixed losses in the
tendering procedure with exactly the same values. In principle it should not make any
difference for those who want fixed losses they can do that it only opens the opportunity
for those who want other values to do that,

CS Is there any downside having this choice of both fixed losses and minimum PEI?

ENE 1am in favour of fixed losses. For larger transformer PE! is right.

EDP If the Regulation has the PE! as alternative {calculated from the Regulation table losses)
each DSO can build, from this PE! and its own network Kpei, a proper fixed losses table. So,
at the end, no problems for the manufactures neither for any DSO network manage,
because it will work with fixe losses again.

In Europe is not possible to have completely standard transformers, since there are
different network voltages.

If a DSO wants to follow the Regulation fixed losses table, they can make it.

T&D Said that each country will have different set of load and no load losses for example due to
differences in cost of electricity prices. This is very difficult for the manufacturers because
they cannot standardise products, they want the same transformer for all countries. When
they have to design different transformers for 2ach market they will be no economic
optimal transformer either. We have to remember that CO2 saving should be our target. All
manufacturers around the table share the same vision,

EUREL | He points out that transformers should be designed to match the load in order to operate
efficient. Utilities do not pay for the electricity used the same as other costumers, therefore
for calculating the benefit to the society price they only uses the energy component which
was based on their analysis on International gas prices converted to electricity taking
thermal plant efficiency into account. All Utilities can do this therefore with the same
factors for calculating capitalisation factors.

PVT We noted that there are different and opposite statements but the report will contain
various scenarios. He noted also that renewables are not cheap compared to converted gas
prices.

John Barjne Sund presentation (see Powerpoint presentation available on the website) ~

WG29 collected data on transformers which were the basis behind their PEl analysis. These data can
also be analysed with respect to total losses. This is done, and the results are shown in the enclosed
table. These losses are in line with the transformers having the lowest losses in the collection, which
contains several hundreds of transformers. They are grouped according to their rated power and the
voltage level on the high voltage side. These transformers are installed in several EU countries and
have been in service for some time. This indicates that transformers with such losses are fully
possible to manufacture,

lohn Biarne Sund shaowed also a graph of total losses vs PofPk, The loss curves get steep below 0,2
times Po/Pk. So the conclusion is that the ratio Po/Pk should not be below 0.2 if PEI still will be
chasen as the acceptance criterion. In that case the PE| figures should in addition be increased in
order to obtain reduced losses.

1BS He sald that the PEl approach without additional requirements has an inherent large
loophole, which enables purchasers to buy transformers with low purchase price and very
high load loss which still fulfil the PEI requirements!

UKGRI | Paul Jarman said that this consideration for total losses was irrelevant because optimisation
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would be for 100 % load. Network transformers should not be optimized for this load and
adoption of a total losses approach would have substantial unintended consequences (in
terms of a less efficient network),

1BS lohn Bjarne Sund said that purchasers, who want the optimisation of a large power
transformer done at a particular load current different from the rated current, can specify
that in the enquiry. The manufacturers can easily meet this request.

According to him, before Tier 1 came into force, the large majority of Norwegian
distribution utilities simply bought distribution transformers with the lowest purchase
price, disregarding the transformer losses.

CENE We looked at this topic of total kosses in CENELEC and voted negative. CENELEC believe it is
better to stay on PEI.

1BS If the purpose of the Regulation is to prevent transformers with high losses to enter the EU-
market, the PEI will fail in doing so.

Roman Targoz ECI presentation — conclusion weight increase is very slight for high efficiency TIER 2
tranformers based on Copper. In many cases Cu designs shown to be lighter than Al. For 1600 kVA oil
immersed weight difference is 2-3% maoving to Tier 2.in all cases Cu is lighter than Al. Furthermaore
Cu helps to reduce ol volume,

FLAV said that more than 90% of his existing substation sites are limited to around 2 tonnes.

Anthony Walsh Eurelectric Presentation:

Eurelectric is in favour of loss reductions, but such reductions must be in best interests of the
Customer, who ultimately pays. So Savings from reduced losses must pay for any extra costs
involved.

For Distribution Transformers there were large increases in the costs for the Transformers, as well as
significant cost increases in accommaodating new transformers of extra size and weight in existing
substations. Having larger greenfield Sites would also cost extra money for both the utility and
developer and was not a cost free way of accommodating more efficient transformers.

Eurelectric would like a choice of EITHER Fixed Loss or PEl for Distnbution Transformers — many
utilities like the simplicity of Fixed Losses but others would prefer PEI especially where their Load
Factor was different.

Eurelectric illustrated that using typical capitalisation rates the savings in losses produced in moving
from Tier 1 to Tier 2 were about 10% of the price of the Transformers, yet the expected price
increases shown in the Laborelec report were much greater — typically 30— 120%. This indicated that
TIER 2 was excessively costly to the Customer,

Eurelectric  suggested that the values propsed by CLASP for TIER 2 from a detailed
engineering/financial analysis looked more economically feasible, and Eurelectric suggested that the
range AD,Ak to AO Ak+20% be considered instead for Tier 2.

In relation to exemptions for Tier 2 on the grounds of not technically possible/not reasonably
practical/not economically feasible Eurelectric suggested using capitalised values as a benchmark
alternative OR using a Transformer constructed to yield losses consistent with having been
constructed with typical Tier 2 materials.

Regis Lemaitre presentation on GOES developments for Tier 2. There is a direct relation between
performance of the material and of the transformer. GOES accounts 2.3 to 2.5 million tonnes
worldwide {less than 0.2% of world steel production). 96% of trafos built with GOES ~ AMT ~4% (% is
lower in EU). Would like EN10107:2014 and |IECS0404-8-7 rel. 2017 standards terminology to be used
in the final report to avoid confusion. Laser scribing technology allows performance to be even
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higher. GOES losses improvement has continued over 60 years, Thickness has also been reduced —
now going down to 0.20 and 0.18. Moving from CGO to HGO reduces losses 20% at same thickness
and moving to laser scribed 0.23 mm best grade reduces losses by another 25% versus HGO 0.30.
Tier 1 increased demand for best HGO grades. Steel mills ready to make Tier 2 material available. EU
REACH will ban Chrome VI on 21.09.17 and such Cr VI substances are used in GOES coating process.
Now a Cr VI free{) coating has been produced. Because it is related to the manufacturing coating
process this only applies to European manufacturers. Thanks to research expenses and capital
investment in coating equipment they have developed a more costly chrome VI free coating process.

| PVT | Taked rote of Chrome V| free coating process and will add this to Task 4 of the report. |

Michel Sacotte (T&D Europe) presentation. Study needs to consider high temperature insulation
trafo designs. CAPEX differences for Tier 1 and Tier 2 are appropriate for green field. Generally they
are also ok for brown field sites but in some very specific cases very high prices can occur. Tier 2 is
always reachable, New technology could be used to reach it but this has not happened yet. Study
was based on existing technology. Risk on only specifying PEl — manufacturers oppose using PEI for <
3.15MVa even with limits on the kPE| value. Belgium distribution transformers are a special case with
double winding - so does not represent the EU case for brown field sites. For Tier 3 the statements
should be more technologically neutral re dry vs oil types. For single phase manufacturers can
produce models with lower losses.

T&D Michel Sacotte from Schneider said that their single phase manufacturing produce less
than 100 units in Greece per year and this is not for use in Greece, hence the infarmation
supplied by Greece {see comments) on single phase transformers cannot be correct and
one should be careful with it

FLAV New technologies available, as use of specdial insulating solid material and high
and ENE | temperature insulating iquids, are very interesting from utilities and | want to keep all
options for new technology open. The regulation should not limit new technology but

rather do the opposite.

ENE Also added that therefore we should set performance requirements by function but never
describe technology (copper ....)

T&D indeed we should not forget that in 2011 everyone thought Tier 1 is impossible and now

we are there without any problem. For the future also Tier 2 will be possible with existing

production technology but in some cases with new technology. The future is with new

technology and we will have smaller transformers.

EUREL They support sustainability but Tier 2 levels but it must be cost neutral and affordable to

customers. Tier 2 trafo costs 30-120% greater according to their estimates, Installation

cost is several times higher compared to transformer costs and therefore exemptions are

needed for brawn field. For large power transformers the requirements are fine but they

don’t support minimum kPEL. Similar issues apply for pole-mounted. More thought needs

to be given to brown field vs green field. Use of Cu should not be a regquirement.

Suggestion Is to use PEl as an additional alternative for DTs as set out In the proposals

they made.

{ {a} Roman Targosz — sald:

e Cu will not dominate the winding matenal of Tier 2 trafos but copper winding can
better address space weight constraints (see presentation)

e ECl are assisting in Copper anti-theft approaches.




i Preparatory Study for the Review of Commission Regulation 548/2014

—— % vito

vision on technology

e Oninterest rates £O said that Eurelectric are using net present value calculations
with very high discount rates which might potentially be explained by taking into
account high risk factors, but according to the view of ECI this is not correct and
discount rates should be risk free rates. There is no political risk.

EUREL Confirmed that he used 4 % discount rates (= interest — inflation) and in his opinion this

shouid be right.

PVT PvT said we do not underestimate the costs and the discussion is between the future

operational costs and the capital costs.

Lunch {12h30-13h30)

PvT Presentation on Task 3 on exemptions

EUREL said the iron loss figure 0,7 W/kg proposed was very low

PVT PVT said he agreed but this is just an indicative figure - here it was simply impaortant to
agree the principle. It should also be noted that the value 15 set at 1,5 Tesla while values
In the standard for silicon steel are at 1,7 Tesla, the reason for proposing a value at 1,5
Tesla is to have also amorphous steel in the scope.

cs Raised the issues again on the repair topic — a) one issue 15 if the current text is ok, b) if a
repaired or second-hand product 15 imported into the EU from a third country, then it Is
placed on the market for the first time and it is subject to the requirements, that much we
know.

EUREL sald for Euroelectric for transformers that fail they never get them repaired because the
and ENE | installation cost is so high that they don't take the risk and they don't see the issue, they
only do it for large transformers or for small ones that were externally damaged

VT sald its good news It's a non-issue from the utilities point of view, however we should not
forget that it could be an issue for industrial clients.

PVT said for pole-mounted trafos — concession should be limited to single pole

ENE ENEDIS agree

T&D said that for the time being it should be probably possible to find a solution for medium
power transformer but not for large power transformers; For the time being we are
applying the blue guide.

CENE see also our analysis on the topic of repair in the next presentation

Presentation - summary of contributions by CENELEC TC 14 pre-standardization activity (Angelo
Baginni, CENELEC TC14, University Bergamo). Discussed the document priS50675 issued by CLC
TC14. Conducted survey of impact on weight and dimensions. On exemptions proposal is to simplify
and better qualify the exemptions — ta link them practically to brownfield sites.

Requested Commission to define the economi critenia that would need to be demonstrated. Also
produced a definition for single pole transformers with welght constraints. Also includes MEPS
proposals in Part 2 and 3 ~ mostly Tier 2 with some exceptions/enhancements. Keep present
definition for dual voltage transformers. For single phase transformers PEl values are listed. Designed
to solve the Cz Rep issue.

Suggested to update the PE! curve to include the cooling consumption at XPEI, A new proposal on
market surveillance uncertainty treatment was put forward.
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Some stakeholder asked if this document achieved by consensus?
CENE We did fight a lot but this really something based on a consensus.
PVT Thanks for the presentation and this is very useful data for the review study.

Presentation: The view of TSOs (Jean-Christophe RIBOUD & Paul Jarman, ENTSO-E), Stressed that
he is talking for large units. He questioned the practical recycled Cu price in the study — not as high
as indicated in report because it is wrapped in paper. He raised question of Cu cost variability. For
large transformer defining @ minimum kPE| is against EE. He also said that the PEl approach is
working effectively for large transformers. For repair feit they were not allowed to sell a 2™ hand
transformer that they placed on the market — however, it is a very niche market for large
transformers. For Tier 3 — potential benefits are small compared to the effort,

1BS lohn Bjarne Sund said that his employer many years ago requested the purchasers to
specify the loading profile of the transformers in the enquiry. Then the manufacturer
should suggest the rated power of the transformer. However, the purchaser did not
respond to this approach, probably because the purchasers in many cases had difficulties
in predicting the future loading profile. However, in cases when the purchasers have
specified loss capitalisation values, the square root of B/A gives an indication of the
average loading factor during the time the transformer is intended to be In operation.

Christophe Elleau (EDF Generation) presentation - spoke about space constraints in nuclear plants.
The constraints are presented in pictures with several cases in existing Installations, EDF insists to
keep exemptions for existing installations for power transformers, and for transportation up to the
final connection in the electric room. For greenfield sites is important as well.

Michel Sacotte presentation T&D Europe point of view on Task 3. Proposed need to fix limits for
medium power transformers in terms of density and magnetic flux. On repair mentioned we should
not forget new technology for transformer repair.

ORMA said that he thought the definition was clear

cs Asked when can we consider a repaired transformer as If it were a new one? If there’s is
consensus on the criteria to define when a repair transformer can be considered like new,
then this could be reflected in the draft Regulation ?

T&D Said for distribution transformer we are close to having a definition. For power
transformers less so.

EUREL Said that the answer is in his paper, He wants technology neutral requirements and steel
should loss requirements for Tier 2 should not be more compared to Tier 1 otherwise it
would be more expensive.

T&D Did not confirm that and said that technical progress had a positive impact on price and
performance, for example compares the current situation to 2008. Therefore the market
situation today does not say anything for the situation tomorrow.

T&D Says that repair of transformers approach from CENELEC has to be shared with T&D
Europe. Life time can be considered, e.g 30 years. In the end you also have new
technologies for repair to be considered.

HPS said the citation is from the blue guide but that the blue guide said if ... then it “may” be
considered a repair
ENE said for distribution transformers that it was not worth repairing those that have failed

because of the high installation cost - thus it's a non-issue

10
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ORMA Said the problem was not with utilities but other users where the transformers are sold
one by one,

HPS Suggested that the consultants should look at the CENELEC definitions and combine them
with the text in the blue guide.

Paul Van Tichelen presented Task 4 on other environmental Impact - he note that no proposals
were recelved. Harmonics In the line voltage |ustify Tier 2,

After Task 4 he requested that stakeholders should say if they wish to update their comments as we
will process the final comments?

After a short discussion the conclusion was that the deadline for comments and position
papers to be included in the study is the 28" April.

AOB

ECOS Said we didn't cover small transformers — rapid growth in electric vehicles and 30%
growth in market size. Can look at correlation?

% It are LV/LV transformers and in all this one should also look what are the drivers to use
them, safety and isolation? Could it be transformerless such as in PV converters? We can
only mention in the report due to limited resources. Note there is little time foreseen in
the study and it could be connected to ingle phase which is the next presentation. Note
also that LV/LV transformers are often inside machines and are therefore sometimes
covered by the machine erergy efficiency requirements. A discussion followed but
nevertheless it was concluded that for small applications that have no specific
requirements it can be a good solution to set ecodesign requirements.

15h40-16h coffee break

Paul Waide presented Task 2 on single phase transformers. These transformers are used in single
phase MV networks which are present In Ireland and the UX only. It is therefore not considered as a
loophole and it is also not relevant for most of the European countries.

EUREL Note that the single phase transformers as referred by in the Greece comments are in his
opinion not distribution transformers

AREA Are we talking about medium voltage single phase transformers?

EUREL Yes

EUREL When comparing data for small single phase transformers it 1s important to look at
transformer impedance because It Is important to achieve network short circult levels . In
ireland this is a particular issue because the lines are very long, therefore impedance
requirements are set at 2.2% for 15kVA Transformer s and 4% for others, . The
consequence of these very low impedance requirements is that they have a high kPE| but
this does not mean they operate at a high load factor. So the copper losses on these
transformers are much lower than would be economically justified by the copper losses
saved ~ the reduced copper loss levels arise from the requirement to achieve a low
impedance by decreasing resistivity, as reactance for the size and shape of the
transformer has already been minimised.

The UK In contrary has 4% impedance requirements and It's copper losses are set by

11
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economics, and hence higher than those in Ireland which are set by Short Circuit
requirements,

Reducing Iron Losses was considered and presented in papers 1o Vito, but as shown a
decrease in Iron losses of 16W (using Amorphous, from 48W to 32W] resulted in a 75kg
increase in weight. The capitalised value of this 16W saving was about €240, and it was
felt that the cost of amorphous plus an extra 75kg of material would be greater than €240
and not produce any net savings.

EUREL When looking at the price an issue is that UX transformers are split aover different DSOs.
Ireland has very competitive tender and includes capitalisation factors.

ENE Was surprised with the very low PE! and said that it could be improved by amorphous and
remarked that the US has also singie paole. Do you use amorphous?

EUREL No, not in Ireland. Noted that there is only one manufacturer ofSingle Phase Pole
Mounted transformers in Europe. The UK sometimes buys Amorphous Single Phase Pole
Mounted Transformers in India.

PW Raised the question If other load factors should be used for these transformers?

EUREL Wants to use the PE| because they want the flexibility to prepare for changes in the load
profile due to the use of electric vehicles and heat pumps, else it is locked into one load

factor

W The question was discussed whether or not the |E and UK should be treated separate in
the analysis according to MEErP in the study.

HPS Warned to be careful in identify a market in a country because we do not do this in other

products. He wants a technical distinction,

EUREL Noted that this could be done because the UK has a different voltage, different
transformer impedance, different tank design and has different load factor.

TE&D Also support to differentiate based on technical distinction

Paul Waide presented some slides to discuss small transformers.

PW Paul Waide raised the question: are there loss measurement standards for small
transformers?

In the meeting this could not be confirmed but after the meeting we received information
from Yves Boudou(IGNES) that the document prEN50645 "Ecodesign requirements for
small power transformers™ describing the “method of measurement for losses” Is at
“formatl vote” step in Cenelec and this standard should be ratified within 3-4 months.

Itis also clearly mentioned in the prEN 50645 that according to Annex | of Regulation {UE)
N"548/2014 (21 may 2014), that small transformers (above 1kVA) shall be marked with
information given in clause 2 point a), ¢) and d}.

According to SR96, these requirements are sufficient to allow customers to compare
easily “values and Ecodesign characteristics” of transformers from different
manufacturers.

W Informed the stakeholders that this study does not cover small transformers, no time and
budget is foreseen for this.

EREA Noted:

It is correct, “Smail power transformers” are defined in Commission Regulation (EU) No
548/2014: Article 2 - Definitions;

(2} Small power transformer” means a power transformer with a highest voltage for
equipment not exceeding 1,1 kV.

Also in Article 3 — Eco-design requirements it is repeated::
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Small power transformers, medium power transformers and large power transfaormer shall

meet the eco-design requirements set out in Annex J,

But in that same document No 548/2014 where in Annex 1 - Eco Design requirements are

listed, Small power transformers are no longer ‘listed'.... See table of content at the end of

this letter.

This means that no table with requirements (or even no guideling) for the “Small power

transformers”

ECOS Should we define a new product group with the arrival of electric vehicles?

EREA Based on the evolution of electrical vehicles (electrical charging) also a growth in LV/LV

transformers can be expected. Not only today these LV/LV transformers are needed

(mostly in Belgium due to local particularities with the Grid - missing Neutral), but

definitively in the near future when Mode-4 DC Charging will be in place (DC charging

requires an IT Grid which will require a transformer).

A discussion followed on the classification and it was noted that CENELEC TC 96 deals

with these transformers and that there are some classifications

EREA During the meeting also the terminology “Low Voltage Transformer” was used.

It was also said that these transformers have to follow the Low Voltage Directive (LVD)

2014/35/€U. This is true. But, basically, The LVD covers all health and safety risks of

electncal equipment operating with a voltage between 50 and 1000V for alternating
current {AC) and between 75 and 1500V for direct current (DC).

This LVD does not caver elements as stated in the Eco-design requirements.

UXGRI Noted that the |EC standard organisation for small transformers TC96 is mainly looking at

safety

EUREL Noted that for smaller transformers the efficiency Is heavily relsted to the product for

which they are used, and should be related to the overall efficiency requirements from

the product

UKGRI 1 am afraid | have to disagree with that. The use of small transformers Is 5o diverse and

this makes it complex. This is why CENELEC is talking about transmission and distribution.

In summary we can define it as anything with a highest voltage below 1,1 kV is a small

transformer.

EREA Commented:

- This argument is valid if these are used in @ "Machine” as a building block.

- This argument is not valid in a lot of other situations where a LV/LV transformer is just
used as a ‘single element’ to change {transform) the voitage or to change the Grid
(IT/TN/TT). Here multiple examples can be given: elevators, industrial laundry
machines, heat pumps etc... In these cases the transformer is kept out of the ‘Eco-
Label’ of this application since it is not considerad as an integrated part. And as such
escaping from the Eco-design rules?

PIR In the Ecodesign Regulation 200.000 pieces per year is a threshold. Having requirements

for small transformers will help all products that include them and therefore this is an

opportunity. They are often used in various small categones of products that not have yet
ecodesign requirements. Such a study will help the EC to improve efficiency in these
products. This Is an opportunity to harmonize and the study could do the first step,

UKGRI i am afraid | have to disagree with that. The use of small transformers is so diverse and

this makes It complex. This is why CENELEC is talking about transmission and distribution.

In summary we can define It as anything with voltage below 1,1 kV for small

transformers.

PIR We should not regulate any different application but the transformer efficiency. There are

hundreds of thousands sold annually. There is demand for Isolation, for protection; small

transformers have 1000 of applications. There will be always a market for such

13
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applications and a need for regulation.

EREA

not said in the meeting but received after the meeting ans just os an indication: we supply
yearly about 50.000 pieces LV/LV transformer which do represent an installed power base
of SOMVA in total.

This raises the question on how you define a function, The saving is per application and
this is extremely complex, we can summarize this in the report. |s there market data?

Note that small transformers are regulated outside Europe and take care that EU does not
become dumping ground. The demand is ramping up but | note that there is no technical
standard looking at efficiency of these transformers and the consuftant could look at that.

16h40 AOB
It was repeated that comments and position papers for inclusion in the study can be sent until 28

April

The study will be finalized by June.
CS Informed the participants that the Commission will present its ideas on the revision of the
Regulation to the Consultation Forum organized by the EC that will likely happen in the 2" half of

October.

There are about 60 members of the Consultation Forum but maybe half of you around the table are
not part of it, although the EC can invite you ad hoc, Therefore we need an expression of interest for
those who would like to be invited in the Consultation Forum and therefore you should contact Cesar
Santos (Cesar.SANTOS@ec.europa.eu ).

Any input ahead of the consultation forum can also be sent directly to the EC.

16h50 the meeting was closed
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9. ANNEXI WORKSHOPPRESENTATION

CAPEX for EE compared to CAPEX
for RES

Paul Waide - Waide Strategic Efficiency Ltd, UK

Transformers Ecodesign stakeholder meeting
March 29" 2017

W Waide Strategic Efficiency

Notions behind CAPEX comparison

Utilities are required to invest in RES in response to
both EU (RED) and MS policy targets on RES

- The policy objective behind these targets is increase EU
security of supply, reduce dependency on fossil fuels
and reduce emissions

However, reducing losses by increasing transformer
efficiency also helps to achieve exactly the same
objectives; thus, it makes sense to also compare the
cost-benefits of reducing transformer losses with the
equivalent cost-benefits of increasing RES so these
options may be placed on an equal basis

3 W Waide Strateqic Ffficiency
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What CAPEX should be compared?

+ The relevant comparator is the incremental cost of
increasing RES by 1W(peak) with reducing demand
by 1W (peak) via reduced transformer losses

+ Comparison should be done at the point of final
demand

Needs to take into account reliability

« Therefore if considering a PV system it would
include the balance of system costs (e.g. inverter

and storage) as well as the cost of a panel producing
1W peak

For wind power should include storage (e.g. pumped

hydro) and grid connections costs as well as turbine
costs

. W Waide Strategic Efficiency

RES CAPEX costs

- The analysis conducted assumed a blend of 50% PV
and 50% wind

Included equipment, installation and maintenance
costs

Integrated these over the typical lifetime of a
transformer e.g. 25 years

- Concluded that the typical average RES cost was
-€3/Wpeak

+ Compared this to the equivalent capex costs of
reducing transformer losses at peak

x #® Waide Strategic Efficiency
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CENELEC

Preparatory study for the review of
EC Regulation 548/2014 on transformers
Stakeholder meeting Brussels 27.3.17

Summary of contributions
by CENELEC TC 14
pre-standardization activity
(pr7S50675)

Angelo Baggini
CENELEC TC14 chairman, University Bergamo Italy

Angelo Baggini

N NS personal capacily

CENELEC

The document prTS50675:

« has been issued by CLC TC 14 “Power transformers” in
support of the COMMISSION REGULATION (EU) No
548/2014 review

« takes into consideration the existing standards EN 50588-

1:2015 and EN 50629:2015, their amendments and the
feedbacks received from the National Committees as well
as the aim of the European Commission

« has been circulated to NCs by SE TC14_Sec0524 DC to
collect comments

Data have been collected from several European countries on
dimensional and weight constraints imposed by the
infrastructure as well as transport limitations

Angelo Baggini

N Nis personal capacily
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Main addressed issues  CENELEC

Exemptions
List
Management

Pole mounted transformers
Power transformer classes
Repaired transformers

Minimum Energy performances
New specific requirements for PE1 up to 200 MVA
Dual voltage transformers
Single phase medium power transformers
Solution for the inconsistency at 4 MVA and for units with Um=38,5kV from CZ

+ PEI requirement improvements: cooling consumption treatement at KPEI

+ Rating plate
Market surveillance

Angelo Baggini

in his personal capacily

Exemptions CENELEC

« Proposal to simplify and better qualify and manage the
Exemptions in order to exclude less categories of transformers

EU Regulation 548/14 PRTS 50675 proposal

+ large power ransformers where It is Semanstrated *  Power iransformers which are like for like

that for a particular application, techrecally feasible replacaments in the same physical

altamatves ara not available to meet the mnimum locationfinstafiation for existing power ¥ansformers,

efficiency requirements set out by this Regulation, where this replacament cannot be achieved without
+ large power transformers which are like for like enfailng dispeoportionate costs associated to their

repfacements in the same physical tansportation andfor Instaliaton

location/instaltation for existng arge power

transformers, where this repiacement cannot be
achieved without entailng disproporionale costs
associated fo their transportation and/or instaliation,

Angelo Baggini
) : apacity
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Exemption management CENELEC

+ A procedure to handle exceeding dimensional or weight
constraints in cases exceeding dimensional or weight constraints
is proposed

Power transformers in the scope of this document for which it is not technically feasible or
economically justifiable or reasonably practical to reach minimum performances requirements set cut
by EU REGULATION N. 548/2014, are dealt with in paragraph 5 of Part 1. This is for Instance the
case of particufar applcations or physical constraints in an exsting installation, All these cases should
be documented at the signature of the contract with a declaration made by the customer,

5 Transformers subject to constraints

In situations whers thera are physical constraints such as imposed by existing installations, or new
location in ewsting building or transportation issues. then the following procedure shall be used:

() :‘;:;:d',"“"“““" Sl e CLC TC14 does not deal with

(b) In fh!-""mr citn,;:ier BRI EE: economical justification but
mee e constrall 3 e :

(€) Where even & Tier 1 ransformer cannot be hlghllghts the need that EC
transformer is excluded from minsmum en

recommended that the energy performancaltAa] .clear procedures to
sppicable, assess it

The constraints shall be specified in the transformer contract. The above is on the basis that these
choices are economically justifiable from a TCO basis for the installation

An

gelo Baggin

rso pac

inhn

5F

Pole mounted transformers CENELEC

Proposal to reduce the actual quantity of units with higher
losses:
« limiting definition to transformer mounted on single pole

+ Extending minimum energy performance requirements also
to pole mounted transformers when weight is not a
constraints

3.9
Pole mounted transformer
Power transformer within the scope of EN 60076-1 that is designed for mounting on a single pole and

has a maximum weight limitation.
Note 1to entry: The definitions of power transformer and winding s given in EN 60076-1

Note 2 to entry-  for definitons of pole see IEV [466-07-01)

Angelo Bagginl

in his personal capacity
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Power transformer classes CENELEC

Proposal to streamline the definitions of large and medium
power transformers to better suit industry practice
(unification vs customization)

37

Medium power transformer

Power transformer within the scope of EN 60076-1 with ali windings having rated power lower than
or equal to 3 150 kVA and highest voltage for equipment lawer than or equal to 36 kV

Note 1 1o entry:  The daefinitions of power transformer and winding Is given in EN 800761

38

Large power transformer

Power transformer within the scope of EN 60076-1 with at least one winding having either rated power
greater than 3 150 kVA or highest veltage for equipment greater than 38 kV

Note 1to entry:  The definitions of power transformer and winding is given in EN 60076-1

Angelo Baggini

In his perso capacily

Repaired transformers CENELEC

« Overhaul activitiy classification is proposed

UPGRADE RETROFIT
Replacing the core (or part of it) « Replacement of a complete active
using a material with lower specific part with a new one providing
loss Increased energy performance,
Repiacing some (but not all) replacement of the tap changer, of
windings with new ones providing the bushings and of the complete
lower load loss | insulation
Replacing fans or pumps with more
efficient ones pumps) to lower the relative thermal
of it 3 - ageing rate

Replacing all coils on a specific leg Replacing insuiating liquid

in a three phase transformer Replacing all windings with new
Replacing one winding of a three ones of the same design and
phase transformer material, replacing the tap changer,
Drying and pressing the active part replacing the bushings and the
Repa«rmg leakages, corrosion complete insulation

protection

Angelo Baggini

s personal capacity
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Minimum Energy performances BENELEC

Minimum Energy performances
have been proposed in part 2 and 3

Proposals to be highlighted are:

To keep the present definition for Dual voltage
transformers

The specific PEI values to address single phase medium
power transformers

The new specific requirements for PEl up to 200
MVA including a solution to address the inconsistency
at 4 MVA and also the issue of units with Um=38,5 kV
from CZ

Angelo Baggini

in his personal capacity

Minimum Energy performances CENELEC

Proposed solution **" to address the inconsistency at 4 MVA
and also the issue of units with Um=38,5 kV from CZ

Liquid immersed Um>36kV

* by plenary CLCTC14 meeting #58 according with IT and DE comments
** NOT included in prTS50675)

Angelo Baggini

n s personal capaclty
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Minimum Energy performances  CENELEC

Proposed solution™"" to address the inconsistency at 4 MVA
and also the issue of units with Um=38,5 kV from CZ

Liquid immersed Um>36kV

S— - Dry type Um>36kV
{KVA) ™ 7 3

% 5774156  95,26083 (Mva)  T1 T2
5] S8.55446 0529114 005 97,778 97,844
100 9850857 2308322 0.1 97,8 97,886
160 WAL 919145 016 97827 09789
0 Pa11se  @928328 025 97,867 97,933
315 SG15386  95,31563 04 97933 98
400 9920006 9935632 083 98036 98,102
500 9924552 9838807 08 98111 08177
&30 5920487 9543726 1 982 08,266
&0 06208 4TI 125 098326 98392
1000 838038 9946376 16 98502 08560
150 041827 @48713 2 98,704 98771
1600 0042375 9949388 25 980927 08004
2000 994254 9950238 315 99089 89,166

200 94417 85l
3150 SeaEs  SH5E

* by plenary CLCTC14 meeting £58 according with IT and DE comments
** NOT included in prTS50675)

Angelo Baggini

n his personal capaciy

PEI requirement improvements GENELEC

Proposal of a new equation for PEI to take
into account Cooling consumption at KPEI

PE| = 1 - 222 alre) =g 2 /B +P oo+ Py (Kpzr))Px (%)
STJPOQPSQ;P“(kEEt) r
K

Angelo Baggini

n s personal capacity
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Rating plate CENELEC

Proposal of harmonization between medium and large power
transformers regarding weights of the main materials

I addaion to EN 8007€-1 and EN 8007611 requirements, the following values shall be shawn on the rating
piate:

Py the measured no load loss at rated voltage and ratec Yeguency, on the raled ap,

The name of the no load loss class for transformers with S: = 3 150 kVA;

P, the measured elecinical power required by the cocling system for no load operstion (If gny) dertved
from the type test measurements of the power taken by the fan and liquid pump motors,

A, the measwad loss at raled cument and rated fraquency on the rated tap comrected 1o refersnce
emperatire according 1o Pan 1 of t¥s Technical Speafication,

The nams of the oad loss cass for iransformens wih S 5 3 150 kVA,

- PEibasedony nents for transformers when sppk i

- krge the load facior st which PE| occurs for iransformers when applicabie;

- For dusl voltage transformers, the manimumn rated power at the lower voltage:

- Conducior mass and e nature of the conductor,

- Core mass and Ihe nature of the core materisl;

- For medium power pole mounied ransformers, a visible display “For pofe-mounted cperation ondy”

In case correcion factors apply on losses because of oher insutaion level or dual voltage as specified In
parsgraphs 623 and 624, the loss closs names 1o be wriien on the raeng plate and in the techrical
documentstion {e.g, A:, Al Adde A, B, G, ) shal remain the sama. without mentioning the comectian
factors.

In case of dual vokiage transformers for which the full rated power |8 available ragardiess of e bi  of
voltages, the no lcad and ioad loss 0 ba wiitten on the rating plate and in te technical documentation shal
refer 1o ™e highest voRage of the tapped windng,

Angelo Baggini

in his alca

Market surveillance CENELEC

On the basis of the new definition of the declared values,
additional requirements on uncertainty for MSAs are proposed

The measurement uncertainty applicable to the market surveiliance authority shall be:

- The expanded uncertainty, as defined in EN 80076-19 and referring to a coverage factor k = 2
(l.e. to a confidence level of about 95 % assuming a normal distritation),

< The megsuremom uncertainty defined in this way, expressed as a reistive value shall not
exceed 5 %

In case the value determined by the marked survelance authority exceeds the declared value by
more than 5 %, a second and more accurate measurement shall be taken.

For the second measurement, the measurement uncertainty applicable 1o the market surveillance
authority shall be:

- The expanded uncertainty, as defined in EN 80076-19 and referring to a coverage factork = 3
(i.e. to a confidence levei of about 99,9 % assuming a normal distribution);

= The measurement uncertainty defined in this way, expressed, as & relative value shall not
exceed 5 %.

The above requires that the standard deviation shall be less than or equal to 1,667% (5%/3) for the
measyrement uncertainties due to the devices and process in order that the market surveillance
authority are capable making 3 valid measurement.

This procedure |s detailed in Annex C.

Angelo Baggini

in his personal ca
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prTS 50675 -~ MAIN RECEIVED COMMENTS (*) CENELEC

. Germany, France and Turkey are against changing the border between medium and
large power transformers to 3 150 kVA {(now it is 40 MVA)

. Spain proposing to avold exemptions for transformers not meeting Tierl values, as it is in
place already today
France suggests to remove the chart defining overhaul activities
Portugal, Ireland and Italy propose to consider PEI as an alternative to fixed losses for
medium power transformers in order to optimize energy performance on the actual load via
appropriate capitalization values
Italy is against loss levels requiring Cu to be met
Italy proposes to work on product information reguirements {what shall be put on «free
access websites»7?)

. Italy proposes to remove the sentence stating that exemptions due to constraints shall be
justified based on TCO of the overall installation

. Italy proposes to keep the 2017 allowances on losses for Voltage Regulating
Distribution Transformers also in 2021 to avoid killing promising technologies which can
favor the penetration of renewables
Poland and Italy question the fact that this Technical Specfication contains requirements
not relating to energy performance
Portugal proposes to extend to pole mountad transformers the allowances on losses
applicable to transformers having dual voltages and/or higher voltages
Portugal proposes to remove the wording «with weight limitations» in the definition of
pole mounted transformer

. Portugal questions the different level of losses for pole mounted transformers

“1 Comments already addressed and minors tachnical or editoral comments nat reported here

Angelo Baggini
n his pers I ¢
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EcoDesign TIER2 Scope
of Analysis

The following features are concerned by this analysis

* Increase of material consumption related to transition Tier2 requirements

* (Change of active part material (s) related to transition Tier2 requirements

Calculation asumptions

When calculating the necessary increase of material consumption the following
rules were implemented

* The same design
= The same materials (GOS grade, winding material)
* The same margins between maximum losses and calculated losses

* The same insulation distances

The increase factors were evaluated for the following ratings

* 160, 630, 1600 kVA - for oil immersed transformers
*  For 160 KVA both Pole Mounted version and Ground Mounted vorsion wera considered
* 630, 1600 kVA - for cast resin transformers

* Aluminium and Copper designs were analyzed
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General conclusions
Dry type transformers

* For dry type transformers included in this analysis the demand for loss decrease is
not very significant
*  10% reduction of NLL (generally for the whole range)
* no reduction of LL for higher ratings (from 800 kVA)
* 6% - 18% reduction of LL for lower ratings (up to 630 kVA); for the considered type (630 kVA)
the reduction of LL was 6%

* Aluminium windings require more space between the core limbs than copper
windings; hennce the material consumption increase is more remarkable In
aluminium transformers (almost 2 times)

* The optimum solution is relatively flat; so the decrease of individual losses may be
compensated either by more or less uniform increase of each material (core and
winding), either by increase of GOS or by increase of winding material; in some
cases It was observed that the decrease of losses can be met by more intensive
consumption increase of one material associated by the decrease of the another
one (see 1600 kVA copper version)

General conclusions
Dry type transformers cont.

* AIITIER2 versions can be designed with the same GOS grade as the TIER1 design;

* Generally the need of material consumption increase versus the loss decrease can

be described in the following way (hypothesis upon 4 samples)
10% reduction of NLL can be compensated by 10% of each active material Increase or 20% of
ane of material increase {(see 1600 kVA)

¢ 10% reduction of NLL and 6% reduction of LL can be compensated by 15% of GOS and almost
30% of aluminium or by 11% of GOS and 16% of copper (see 530 kVA)

*  The &% Improvement of GOS parameters reduces roughly by the same percentage material
consumption increase

* No major obstacles to reach the TIER2 level with the same materials or materials
slightly better; however these marerials remain in the current production scope
(M090-27, M085-23, M080-23)
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General conclusions
Oil immersed type transformers 160 kVA pole mounted (PM)

* The typical (French) requirement is to limit the weight of PM transformers up to
550 kg. The current TIER1 designs fits this limit.

* There are two ways to reach better level
* to balance between active material part and mechanical part what very often is impassible not
to affect insulation distances or cooling parameters or mechanical strongth
*  to use better GOS

= All TIER2 versions have to be designed with better GOS grade than the TIER1
design; to reach the 10% improvement the grade M075-23 must be considered

* At the moment the MO075-23 grade is the best comercially available GOS
material with the limited supply (only Nippon Steel). Using this grade at the
moment seems to be the only way to reach the TIER2 requirement

General conclusions
Oil immersed type transformers

* On the contrary to the dry type transformers for oil transformers included in this

analysis the demand for loss decrease is significant

*  10% reduction of NLL (generally for the whole range)

*  15% reduction of LL [+/- 1%} for higher ratings (from 1250 kVA)
*  30% reduction of LL for lower ratings {up to 1000 kVA)

* Aluminium windings require more space between the core limbs than copper
windings; hennce the material consumption increase is more remarkable in
aluminium transformers

* The optimum solution is relatively flat; so the decrease of individual losses may be
compensated either by more or less uniform increase of each material (core and
winding), either by increase of GOS or by increase of winding material; in some
cases it was observed that the decrease of losses can be met by more intensive
consumption increase of one material associated by lower increase of the another
one (see and compare aluminium and copper versions of 630 kVA)
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General conclusions
Oil immersed type transformers cont.

* Al TIER2 versions can be designed with the same GOS grade as the TIER1 design;
it concerns especially higher range which the loss reduction demand is not so
deep for

* For smaller ratings when keeping the same GOS grade it causes too high need of
material consumption increase, so it can be economically sound to use the better
grades of GOS

* The need of material consumption increase for bigger transformers versus the

loss decrease can be described in the following way

*  10% reduction of NLL and 15% reduction of LL can be compensated by ~15% of GOS material
increase and 30% (for copper) or 45% (for sluminium) of winding material Increase [see 1600
kva)

*  Improvement of GOS by 5% reduces the consumgtion in similar way (2% - 5%)

General conclusions
Oil immersed type transformers cont.

* The need of material consumption increase for smaller transformers versus the

loss decrease can be described in the following way
10% reduction of NLL and 30% reduction of LL requires from ~25% up to ~50% of GOS material
increase and 70% up to 100% more winding material {for copper)

*  For aluminium windings the need for GOS increase varies from 50% up to 65% while the need
for winding material increase amounts to 40% up to 90%

*  lmpr of GOS p ters by 5% reduces the consumption by (3% - 13%)

* For bigger ratings no major obstacles to reach the TIER2 level with the same
materials or materials slightly better; however these materials remain in the
current production scope (M090-27, M085-23, M080-23)

* For smaller ratings it is also possible to use the same GOS material, however it
requires setting the flux density on the very low level below 1.2 T what makes
the GOS not to be properly utilized. In this case change for better GOS may
Improve the operating point of flux density. It is especially critical for the lowest
range (250 kVA and below)
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General conclusions
Oil immersed type transformers cont.

* The lower range (630 kVA and below) where the change from TIER1 to TIER2
means the decrease of LL by 30% the use of aluminium and / or the GOS grade
MO85 or worse lead to very low flux density andvery low current densities. In
these cases it should be considered to use better GOS (<= 0.8 W/kg) together
with copper winding

* The high material consumption increase may cause longer production time; this
will be especially remarkable when it is connected with the change of
lamination thickness from 0.27 to 0.23 (or in the future for thinner laminations)

* For this particular range it would be essential to develop GOS grades
significantly better then ones being used today; the targetted level of specific
loss should be 0.60 - 0.65 W/kg to reach the reasonable levels of flux and
current densities and reduce the need fosuch a high consumption increase.

APPENDICES

Dry type transformers — result on total weight

* The increase of 1600 kVA total weight is specified in the following table:

i e

* Remark - the weight of TIER1 1600 kVA is almost the same for Cu and Al
versions
* The increase of 630 kVA total weight is specified in the following table;

[ Aorev e mere |
| JJDT 63V 20 NER2-2

= Small or moderate weight increase (5% — 20%) for both ratings
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APPENDICES

Oil immersed type transformers - result on total weight

* The increase of of 1600 kVA total weight is specified in the following table:

Remark - the weight difference between Cu and Al versions of TIER1 1600 kVA is
very small (~2-3%)

* Small or moderate weight increase (5% — 20%) for 1600 kVA

APPENDICES

Oil immersed type transformers - result on total weight

significant (~*10%);

* Cu version is lighter
* Significant weight increase (30% — 50%) for 630 kVA
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APPENDICES

Oil immersed type transformers - result on total weight

Pox e
|2

[ 3{oT e 20 e
| dow seez0ens |

[ slotamernvens |

Remark - the weight difference between Cu and Al versions of TIER1 160 kVA is
significant (~15%)

Cu version is lighter
Significant weight increase (approximately 40%) for 160 kVA

APPENDICES

Oil immersed type transformers — result on oil consumption

The incraase of oil consumption is specified in the following table:

[CTA 0 20 TR |
€ ol consumption increase T than relevant total weight increase
Change from Al to Cu allows to save some oil 14
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APPENDICES

Oil immersed type transformers - result on oil consumption

* The oil consumption increase is smaller than relevant total weight increase

* Change from Al to Cu allows to save some amount of oil

APPENDICES

Oil immersed type transformers — material consumption proportions

* The proportions between materials referred to the total weight are specified in
the below table

| Bos |

%
e
2 a4% 23% 16%,
4 20 TER 45% 11% 21
160/ 20 TIERG 55% 11%
TA 160/ 20 NERZ2 5a% T1% B%
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APPENDICES

Oil immersed type transformers — material consumption proportions

* The proportions between materials depends on the winding material

* For Aluminium the core and the oil are proportionally heavier, while the winding materiat
consumption s approximately 2 times lower

* The propartions between materials depends on the loss level

Lower load loss levels require more winding matarial and less ol

The proportions between materials depends on the rated power

* Lower ratings contain proportionally less winding material and more oll
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FCTRICITY FON EUROPE

EURELECTRIC input to EU Review of Commission regulation
548/2014 on Ecodesign requirements for small, medium and
large power transformers

Anthony Walsh BE, MIE, MBA, ACCA

Chair, EURELECTRIC Distribution Network Assets - WG Standardization

Contact: anthony.walsh@esb.ie

29th March, 2017

Eurelectric Supports Sustainability !

» Eurelectric members are committed to
Sustainability, and have worked for many years
to minimise overall network losses in the
interests of customers and society.

» Eurelectric supports reductions in losses which
benefit the customer.

» However this requires that:

Savings from Reduced Losses > Extra Costs!

eurelectric
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Overview

Background

Large Power and Distribution Transformers
Extra Costs/Constraints with Tier 2 Installations
Possible Solutions?

o oh W N =

Requirements for choice of Fixed Losses and PEI
for Distribution Transformers.

6. Economic Justification for Tier 2 Levels — do the
benefits exceed the costs?

7. Treatment of Exceptions

eurelectric

Background

» Tier 1 has already added 20% to the cost of Transformers and utilities have had
difficulty with increased size and weight

» Tier 2 will now increase both size and weight - but for less impact than Tier 1 -
and at a substantially greater cost + 30 - 120%

~ In addition accommodating larger and heavier Tier 2 Transformer in an existing
Substations /on Poles will not be possible without expensive alterations.

* Such alterations would cost more than any energy saved!
~ Exemptions are required whereit is not :

technically possibie,
economicaily justifiable or
reasonably practical

to meet Tier 2 levels.

» Tier 2 levels must be cost neutral — set at levels where the value of losses saved
pay for all extra costs

» Tier 2 levels must be affordable to customers!

eurelectric
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Large Power and Distribution Transformers:

Large Power Transformers:

» Transformers use PE| and hence can accommodate a range of Load Factors

» Tenders with Capitalised Losses have had Tier 2 values offered, so Tier 2 is economic in
the market

» Transportation issues due to extra weight and size can be a particular issue

» Substation Buildings are fixed in size, so Exemption for replacements and transportation
required.

» VITO Proposal to set minimum kPEI is problematic as it restricts designs and does not
take into account impact of use of extra capacity in Transformer size for standby and load
growth

» Large Power Transformers are already very efficient, so there are declining returns from
any extra investment.

Distribution Transformers:
» Large increase in costs for small gain in losses saved

» Significant Extra costs of accommodating Tier 2 transformers infon existing
Substations/Poles

eurelectric

Extra Costs of Transformer Installation due to Tier 2

» Purchase Costs of Typical Distribution Transformers (400kVA — 1000kVA) are in
the range €8,000 to €15,000

» Tier 2 Loss savings are in the range €800 - €1,900 (Lifetime Savings)
» So any extra Installation costs must also be paid for from the Lifetime Savings.
» Installation associated Costs (where they arise) >> Cost of Transformer

» This means that if extra installations costs are associated with a particular
Transformer design, then that design will not be economic.

-/

entrance door, fit

inside the space available, fit between existing equipment on pole.

eurelectric
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Solutions?

» Limit Transformer Losses such that they do not cause the Transformer to exceed the weight,
and Dimension limits already set by existing Substations.

* Soconsider basing Tier 2 in range Ao, Ak to Ao, Ak+20%, NOT at Ao-10%, Ak
- must be able to show that Extra Savings > Extra Costs!

» Use PEI as additional alternative to maximise design flexibility and avoid limitations.

» In case of constraint, use Trafo Design which meets constraints using losses equivalent to
best gvailable materials - this approach is technologically neutral!

DO NOT limit kVA Size to overcome size/weight constraint and fit into substation - result would
be overloaded transformer with higher losses or else require an additional transformer and so
double the Iron Losses

Do NOT have different designs for ‘Brownfield’ And ‘Greenfield’ Substations as this would
require two Transformer designs to be tendered and stocked for each size of Transformer, yet
90%+ of all transformers bought are for use in existing Substations. In addition, logically,
utilities would simply stock one largest size unit for use in all Greenfield Substations, e.g.
1,000kVA instead of 200kVA, with much higher Iron Losses. Also Builders/Architects will object
strongly to provision of large sized Substations — extra costs of Greenfield site > Losses saved.

Avold Loss levels that can only be met using Copper /Copper transformers as such transformers
will be volatile on price. Residual Values of extra copper at end of life will be more than offset
by extra costs of recycling additional oil anq ﬂ?f)l mwmg up extra investment in Copper for
40 years not good!

Provide choice of E/ITHER Fixed Losses or PEl for Distribution Transformers.

Transformer Losses are made up of constant level Iron Losses which do not vary, and
Copper Losses which vary with the square of the Load,

The heavier and more constant the Load the more significant Copper Losses become, so
that Transformers feeding constant heavy loads should have lower Copper Losses.

The best efficiency occurs when the Load Factor of the Load is matched to the Transformer
design i.e. (Iron Losses kW / Copper Losses kW) = % Load Factor

Transformers are less efficient when they are not matched to the expected Load factor!
" - Comparison of Fixed Loss Efficiencies for Tier 1 and
Pre-Tier 1 1000KVA Transfarmers

120, 0000

000

W e ey we

ml-—r"'_ . ) £ 24282832220 3232333

4 ®H 3N XY ¥ DR NN N W .
A Tier 1 : Blue
s eurelectric
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Requirements for choice of Fixed Losses and PEI for
Distribution Transformers.

With Tier 2 and only Fixed Losses the 1,000kVA Transformer in Norway
feeding Electric Heating will have the same Design and Losses as a 1000kVA in
Spain feeding occasional peaky loads - all less efficient than at present!

Load Factor will also change over time as Electric Vehicles and Electrification
of Heat are introduced, so that without the choice of PEIl the Fixed Loss values
available will be less and less appropriate.

Allowing PEI as an additional alternative for Distribution
transformers would allow Transformer purchased to be
matched better to the expected load e.g. Transformer feeding
heavy load could be designed to have lower Copper Losses.

PEl = 1 -2 V(PoPx)/S where Poand Pk are the Iron and Copper Losses
taken directly from the Tier 2 Fixed Loss Levels, and § is the Transformer size in kVA

eurelectric

Economic Justification for Tier 2 Levels
Do the benefits exceed the costs?

Value of Losses
Capitalisation factor]

Total Value

Value of Iron o of Losses

Copper

Change In Losses (W) PkatTLF| Losses losses | 2@vedover

EU Tier 2to Tier 1 PO =04 40 years

kVA PO Pk €7,596 | €1,223 € € €

200| - 25 733 7,586 853 |- 150 |- 625 |- 815
400 - 43 |- 1350 7,586 510 |- 327 |- 1,229 |- 1,555
630| 60 1,440 7,586 816 456 1,175 |- 1,630
1000 - 77 |- 2,140 7,586 634 |- 585 |- 1,356 |- 1,941

As long as the extra costs of the transformer do not exceed the range €800 -
€1,900 then the savings will outweigh the costs.

So for a €15,000 1000kVA +13% is b/even for Tier 2.

- but Laborelec Report suggests 30 — 120% Price Increasel!

Capitalization calculation Is very important — it must use correct Discount Rate
{4%), the correct Price of ENERGY (i.e. electricity price = non energy costs of
DUoS, TUGS, Levies, VAT, Supply Margin, Generation Capex) which do not vary
with efficiency. edrélectric
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iron Loss CapRamzation 03sed 0 No WWWMMWMCVMNWM
Years. ©VWR a0 Discount Rate - Ang L0ag Faceor & UIZation Factor (Load

growt 380
D:ﬂbfenoesmCopperLossesforsamelmnreeroLF&UFusedreLL =NLL*LFUP

Comparison of EU Loss Capitalization Rates

4500
4.000
3,500
3 000
2.500

»
‘)

Copepr Losses (AW

1.500

1.000

2,000 4.000 6,000 8.000 10,000 12.000 14,00

fron Losses (/AW
LL/NLL:-%: 0.5 2: 03 3: 02 LFUIf = 1: 70% 2: 55% 3:45%

Consider AO, Ak as proposed by CLASP for TIER 2 - rather than AD-10%, Ak

rosaom ewng [ || CLASPlooked at a range of
—1 Trafo Costs and loss levels prior
Ao L saak L souomaxd to 2015 legislation and only

Ferwy = o == found savings covering costs for

Wi Lo e A the AO, Ak Loss Levels.

[Esrra Trato o € 1,180 124

[Value of Extrs Losse s sswed over Tlar 1 € &1, 365 € nes EU Tier 2 are based on

Mot Savingl-)/Cose (+] € €185 ” AD-10%, Ak so are much more

TOooRA stringent, and were not based

et | cnse | sumesa | ©n actual transformer designs.
AO, O Ak Ao 1004, Ak

1 :n = T Extra costs for slightly reduced
Iron loss are particularly

|[Cufw) 10500 000 7600 v
expensive,

Fxtra Trafo Cost € €L 50

(Valua of Extra Losse s sovad over Tier L € €981 €1.,941 Suggest AO, Ak+2°%t° AO, Ak

et e ey € i 3 as proposed by CLASP should
be considered for Tier 2

eurelectric
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Exemption Procedures:
Reasons for being unable to meet the EcoDesign requirements may be due to :

~ Physical constraints such as imposed by Dimensional or Weight Limitations

~ Economic Constraints where the cost of achieving EcoDesign is out of proportion to
the benefits which would be realised.

Transformer is Specified and Tendered with quotation requested and designed to meet
the Specification requirements in conjunction with :

Transformers con in nearly aff cases be designed to

Tier 2 values @ Price T2 meet Tier 2 volues if cost is ignored but it would be
unreasoncble to require that windings were made of
Tier 1 values @ Price T1 Sitver and Amorphous Steel were used or that to
# ’ i " meet the Efficiency levels a IMVA transformer had to
Base level' Criteria @ Price ‘Base be designed instead of a 100kVA unit,

(e.g ‘Base’ based on Equivalent to Best Material/Capitalisation)

‘Base Level’ Criteria — use of equivalent losses to those obtained when using very good
Magnetic Steel and Conductor — then technologically neutral

OR ‘Base Level’ Criteria set Transformer cost when manufactured using capitalization
values within the constraints on weight and dimension set in the specification. The ‘Base
Level’ design based on capitalised costs + losses should be used if this cost is 10% less
than Tier 1 price + Capitalised Losses i.e. saving losses should not be at ‘excessive cost
(EcoDesign Directive) to customer.

Specific Exemptions as per CENELEC Mﬁ&ggﬂﬁ also supported

Exemption Summary

In summary, the Extra Costs above Capitalisation Price /'Best Materials Equivalence
Losses’ Price are compared with Extra Savings (+10%) for each case and the most
efficient transformer which has a positive net benefit is chosen.

The benefit of this approach is that it:

~ s transparent and guantitative,
» is operated by the Manufacturers and
~ is open to Market Surveiliance.

If a transformer can be made economically within the constraints in the
Specification then the most efficient design possible will be produced and bought.

However if the value of the losses saved do not justify the extra costs, then a less
expensive option, which does not have such excessive costs,can be purchased.

The purpose of the EcoDesign Directive is to avoid ‘excessive costs’ which are not
Justified. There is little point in spending more customers’ money on reducing losses if
the extra costs are more than the value of the losses saved!

This procedure achieves this aim of EcoDesign in a Transparent manner that is also

open to Market Surveillance. surelectric
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—eurelectric

s ELECTRICITY FOR EUROPE
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% v!.Eg\ technology AT

3?’“?'émp?aratory study for the review of Commission
Regulation 548/2014 on Ecodesign requirements
for small, medium and large power transformer

Stakeholder Workshop

Paul Van Tichelen

Brussels, DG GROWTH
29" of March 2017

Agenda -start

» 9h00: Registration desk opens(you need an ID card or passport)
» 9h00-9h30 Coffee in meeting room Ayral
»  9h30-Sh40: Presentation of the study team and tour de table

p~vito

DOV 2
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Agenda—Task 1

»

»

»

»

»

»

x»

»

»=vito

TASK 1

9h40-10h15: Task 1 report on minimum requirements for Tier 2 (Paul Van
Tichelen, VITO) (incl. remarks on discount rate (Eurelectric} and Tier 2
CAPEX (Hitachi Metals))

10h15-10h20: PEI alternatives (JB Sund, Norway)
10h20-10h25: CAPEX for EE compared to CAPEX for RES(Paul Waide)

10h25-10h30: GOES development for Tier 2 (Regis Lemaitre, Thyssens
Krupp)

10h30-10h50: T&D Europe on Task 1 (Michel Sacotte, T&D Europe)
10h50-11h00: Impact of using Copper for Tier 2 GOES transformers
{Roman Targosz, ECI)

11h00-11h15: Eurelectric on Tier 2 Economic feasibility in green field and
brown field (Antony Walsh, Eurelectric)

11h15-11h30: coffee

0017 3
020x] TS vy

Agenda —Task 1

»

»

»

»

»

»

f V|t,o DS AT

TASK 1
11h30-11h40: The view of TSOs (Jean-Christophe RIBOUD, ENTSO-E)

11h40-11h55: Discussion on the Econemic feasibility of Tier 2: When? Do
we need to lower or postpone ambitions or a more ambitious Tier 37

11h55-12h15: Discussion on how to set Tier 2 requirements for medium
power transformer (if needed)? Keep as is, PEI, PEI + minimum PO/Pk, PE|
+ other limits(W/kg@1,5T), series that mimic PEl ( AO-16%/8k (low load
transformer) + AD-10%/Ak (medium load) + AO/Ak-10% (high load) ..??

12h15-12h30: AOB related to Task 17

12h30-13h30: lunch

3083, WTD W
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Agenda - TASK 3

»

»

»

13h30-13h50: Task 3 VERIFICATION OF EXISTING EXEMPTIONS AND REGULATORY
CONCESSIONS

13h50- 14h10: Summary of contributions by CENELEC TC 14 pre-standardization
activity (Angelo Baginni, CENELEC TC14, University Bergamo)

14h10-14h20: T&D Europe point of view on Task 3 (Michel Sacotle, T&D Europe)

14h20-14h30: Example - existing limits in the EDF Nuclear installations (Christophe
ELLEAU, EDF)

14h30-14h40: Discussion on concessions for green field large power transformers
‘rating + physical limits’ vs ‘spefic loss limit {<0,70 W/kg@1,5T" vs ‘combination’ ..?

14h40-14h50: How to deal with pole mounted transformers? rating + physical
limits’ vs ‘spefic loss limit {<0,70 W/kg@1,5T' vs ‘combination’ ..?

14h50-15h00: Dual voltage: is it a loophole? Review the requirements and how?
15h00-15h15: other Q&A Task 3 + How to proceed with inputin Task 1&3

15h15-15h30: coffee break

r~Vvio_ . -

020x] TS vy

Agenda TASK 4/2

»

»

»

»

15h30-15h40: Task 4 ON ANALYSIS OF OTHER ENVIRONMENTAL
IMPACTS(Paul van Tichelen, VITO)

15h40-16h00: Task 2 CONSIDERATION OF MINIMUM REQUIREMENTS FOR
SINGLE-PHASE TRANSFORMERS({Paul Waide)

16h00-16h10: If and how to deal with small power transformers (Paul
Waide}

16h10-16h30: Closing + AOB

f V|t|o technisiogy AonN01T o 6

3083, WTD W
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EC policy officer & Study Team

» EC policy officer: Cesar Santos
» Study Team:
» Team leader: Paul Van Tichelen (VITO)

» Koen Vanthournout (VITO), Electrical grid expert/smart grids; Dominic
Ectors (VITO), website

» Paul Waide (Waide Strategic), Energy efficiency policies including
transformers

» Berend Evenblij (TNO)
» Table round
» Use of voice recording

»~vito___

Introduction

» Info: https://transformers.vito.be/

» We are discussing today the report available at:
https://transformers.vito.be/sites/transformers.vit
o.be/files/attachments/ec dg growth lot2 Transf
ormer V23.pdf

» The focus is on selected items based on the
feedback received ahead of the meeting!

» The kick off meeting identified space/weight
constraints as an important topic = brownfield
applications!

»
f V|to o A0 T

@081, WTD W
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Article 7 of Commission Regulation 548/2014

Article 7 Review No later than three years after the entry into force(10/6/2014).
Specifically, the review will assess, at least, the following issues:

»  the possibility to set out minimum values of the Peak Efficiency Index for all medium
power transformers, including those with a rated power below 3 150 kVA,

»the possibility to separate the losses associated to the core transformer from those
associated with other components performing voltage regulation functions, where
this is the case,

»  the appropriateness of establishing minimum performance requirements for single-
phase power transformers, as well as for small power transformers,

»  whether concessions made for pole-mounted transformers and for special
combinations of winding voltages for medium power transformers are still
appropriate,

n  the possibility of covering environmental impacts other than energy in the use
phase

In addition investigate if, in the light of technological progress, minimum requirements
set out for Tier 2 in 2021 are still appropriate.

»~vito o

020%), O vy

Objectives in a nutshell

» verify if requirements for Tier 2 are still cost-effective from a lifecycle
analysis perspective;

» provide evidence for a consideration of minimum efficiency requirements
for single-phase transformers;

» verify if regulatory concessions made for pole-mounted transformers and
transformers with special combinations of winding voltages are still
appropriate;

» analyse if existing requirements for medium power transformers based on
absolute levels of losses should be converted to relative values based on
the Peak Efficiency Index;

» analyse if widely accepted criteria for the repair of transformers can be
developed;

» analyse if other, non-energy, environmental impacts of transformers
should be regulated

E viwal L ¥ AN 01T 1"
@308, WTD WY
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Task 1: Verification of existing minimum
requirements for Tier 2

» verify if the minimum energy efficiency requirements in Regulation
548/2014 for Tier 2 level, applicable in 2021 (see also presentation on
the Regulation)

» In the light of technological progress: cost-effective, and
technologically feasible?

» Use the Peak Efficiency Index such as for power transformers?

»~vito -

020, WIS Wy

Task 1: Verification of existing minimum
requirements for Tier 2

» Analysis is done based on Base Cases(BC) from previous Lot 2:
» *BC 1: Distribution Transformer (400kVA)

» *BC 2: Industry Transformer: Oil-immersed (1MV)

» «BC 3: Industry Transformer: Dry-type (1.25MVA)

» *BC 4: Power Transformer (100MVA, primary voltage 132kV,
secondary voltage 33kV)

» ©BCS5: DER Transformer : Oil-immersed (2MVA)
» «BC b: DER transformer : Dry-type (2MVA)
» BC 7: Separation/isolation Transformer (16kVA).

~

»~vito

@081, WTD W
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Task 1: Verification of existing minimum
requirements for Tier 2

» Tier 1&2 related outcomes from the Impact Assessment and Lot 2 were
note (Tier 2 =LLCC (Least Life Cycle Cost) (note: BC1 k=0,18) :

o017
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Task 1: LLC review: Impact of current
transformer commodity prices on Tier 2

»

»

»

»

»

»

Current transformer commaodity prices
Conductor material prices
Magnetic core and tank steel material prices
Other important transformer material prices
Scrap value (= official value used by scrap merchants)
Green Field and Brown Field transformer design
Analysis was based on:

» available BOM data

» value of active parts = 30 %

» greenfield = Alu design

» brownfield = Copper design

f‘ V|tp ST AT

3083, WTD W
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Task 1: LLC review: Impact of current
transformer commodity prices on Tier 2

» The conclusion was that for Green Field the price increase still seems to
be valid, important comments:

» Scrap value not confirmed by Eurelectric ? <> Copper thiefs? Any
other opinion?

» Hitachi Metals: absolute prices are too high (30 % .. 65 %): 630 kVA
Tier 1= 6300 euro? 6300x400/630 = 4000 vs 2600 euro active parts?
.. Use 50 % markup instead of 30 %?

Boror | ecron Beror

Baso Case auid oo N2

Thort Tler2 oeown §
| <)

troraomer mang iS)

A (TN TTSE7 T
L il & A
CAPEX o sad
- vito -
vislan on technclogy 00N017
0Xx) WTO Wy

Task 1- impact from interest, inflation, discount
rates: Better Regulation "Toolbox"-2015

» Comment from Eurelectric: DSOs think 4 % discount rate is more
realistic? (e.g. inflation 2 % + 6 % interest loans), they refer to:
»  TOOL #54: THE USE OF DISCOUNT RATES:
» The recommended social discount rate is 4%

»  This 4% rate is in real applied to costs and benefits expressed in constant
prices

» It can be easily adjusted for inflation: if instead you are dealing with nominal
prices, and inflation is, say, 3% per annum then a 7 % nominal social discount
rate (4% rate plus 3% to account for inflation)

»  MEErP uses
v discount rates = 4 % (real for anything apart from electricity)
» Has ‘escalation rate ‘ for electricity = 4 %, meaning that for electricity
» Today common practice:
» 4 % discount rate + 4 % escalation rate + 0,117 euro/kWh (average
# \"t dndustrlal electricity price 2016 Eurostat)

Ao 0tT 16
W208] WTO W
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Task 1- impact interest, inflation, discount
rates: 2 %/0%/0,0847€/kWh .. 4%/4%/0,117€/kWh

Ih BC1OT | BCIDT | BCIDT BC1 DT actior BCt DT actoT BCYOT 8C1DY
e Case Ngd liquid Tier2 Nquid liquie liquid liquid liquid liquid
Tierd Tier2 teown F Tlert Tier2 Tiert Tier2 Tlert Tier2
krretmer rang (5 VA 420 400| 40 A00 420] [T [ [ R
s bosd oS | A £0-10% 20-10% 0 Lo 10% o Sl 0% ic 0.1 0%
el dass Ch & u Ch 4 Ck . [ -
PE % SE207R] 85 429N S 420 23 267 %) 2 A3 N 20 £19%) e 20 N g2 A%
£ qutalert koad hclof Baig) b C‘Jﬂ 0.10) 0.6 018 E-,IE-Q* 0.8 218 00
oud factor @PE| tkoe) ratio 11 %06 0345) 0348) ) 0344 030 [ES 0385
> 1oad nil S, LALRE ot vwar (7T TS TN EER | BT 330 YRR =01 =01
068l l0ases perimElmer pe yesr K 17268 7 9105 00 & 12887 9105 1288 7 9105
6508 par your 5055 5 4300 8 430 055 5 4300 ¢ 0% 5 4308
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Task 1- impact of lower CAPEX & BAT?

1 New reported CAPEX 2016 of Tier 1 vs transformer [A0-50%, Ak). Note: prices reported wers for 630
kvAbut for the analyses used a5 00 kva {Hitachli comment)

» .. We should not forgort BAT = (AD-50%, AK)!
i Add comparison {Eurelectric report): value of losses saved T2 vs T1 <> extra CAPEX
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Preparatory Study for the Review of Commission Regulation 548/2014

Task 1-Cost effective Tier 2?

» Our analysis still show that Tier 2 is
economic justified disregarding
some special brown field
applications for which a dedicated
design might be too expensive

f-VltO —

PEI and KPEI versus PO and Pk versus loading
(k) (note BC1 k=0,18)

» Note: the load factor at peak load is: kPEI =

sqrt(P0/Pk)
» .. What does it mean for 400 kVA

|ret. design Is KPE |PD Pk

lkva kW KW
T1 KPEFD 1 400| 0,100 0,141 14,064
TIKFERD2 400| 0,200 0,281 7,032
Tier § KPEIR) 106 400| 0,308 0,430 4 506
PEI KPERD S 400 09 1,266 1,563
T2 kPEEC Y 400| 0,100 0112 11,215
T2 KPEFO 2 400| 0,200 0,224 5,607
Tier 2 KPEIS0 145 400| 0,345 0,387 3,251
T2 KPEMO & 400 0.9 1,009 1,246
BAT-AMT AD-S0%8AK 400| 0,244 0,215 4,596

>~ Vvito
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PEI and KPEI versus PO and Pk versus loading
(k) (note BC1 k=0,18)

Transformer Efficiency as a function of equivalent load factor for several sets
of load and no load losses for a 400 kVA transformer
100,000%
99.500%
E
T 99,000% e TL KPEIO, 1
! e 1L WKPE b= 0,2
i 98,500% -
—Ti0r | KPEM0, 306
: f 98,000% —PF] 1 P09
T2APE-O,L
e 97,500%
n 12 kPLLD,2
< 97,000% e TN 2 KPES-0, 345
Y s T3 WPF 10,9
96,500% —EAT-AMT AD-50%&AK
00000 02000 04000 06000 08000 10000 1,2000
Eguivalent Load Factor keg

Note: curves deviates mainly at low loads!

- vito ?
visian oo tochnology o017 eh |

D200, WTO WY

PEI and KPEI versus PO and Pk versus loading
(k) (note BC1 k = 0,18), some benefit

» Note: A0-15%Bk is a Tier 1 compliant but not Tier 2 but has
for BC 1lower losses  fomcu Lr it | v | T | b

ariafons bt Tebng (=) 0| [y
With a TIER 2 PEI f:—" s o i
;.7:| k l\uu."\ WADN] Lo
approach it A

(et o] e ms Lrsses pet e st 31 B
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The rationale ks that for Ther 2 the optimum load factor (KPE (] s 0,345 while the preparatory study had identified 0,15 (k) for 3C 1
in real conditions{distribation transformer). As a consequence they do not operate at their optenum and a design AD-15% 3k

m&f.tzpwvif‘aluz Incompliant is more beneficial compared 1o Tier2 AD-L0%Ak {TIER2) "

wan on technisogy AT 2
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PEl: benefits and risks

»

»

»

»

»

PE! could be beneficial in some cases for distribution transformers (..but
with a minimum kPEl > 0,15)

Benefit: more flexibility to adapt to different load factors (see previous
slide)

Risk: A loophole which would emerge from only requiring a minimum PEI
to be specified is that the lowest CAPEX design could be specified, e.g.
simply by choosing a very low load factor at PEI(kPEI) > add a minimum
kPEIl or other criteria (Norway)?

added: for medium power transformers discrete loss limits might be
maore easy to understand on the market + very difficult to analyze all
potential options in the scope of

Compromise between PEl and POPk limits might be simply A0-20%(?) Bk
as an exception to A0-10%Ak for ‘compact low loaded distribution
transformers’?

»~vito -

Brown Field requirements

»

»

»

»

020%), O vy

with conventional production technology Tier 2 can increase size and
weight

brown field transformer applications, i.e. transformers destined for a
replacement project that has specific limitations of size/weight resulting
from the need to install the transformer in an existing enclosure.

Enquiry was done and sent to T&D Europe to assess the feasibility
See also T&D Europe presentation

e ' — —3 ' —1 v m— e
7 visian ov (ethnilooy AT M

@208, WTO WY
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Preparatory Study for the Review of Commission Regulation 548/2014

Brown Field requirements — technology
roadmap

» Low loss GOES (comment CG Power but noise increase) (see also TK
presentation}

» Copper instead of Aluminium conductors (see also EC| presentation)

» High temperature inorganic insulation and esters instead of cellulose
paper insulation and mineral oil cooling liquid

» Forced cooling

» Non-conductive clamps and bolds

» Hexagonal or 3D core form transformers

» On site assembly

= a large tool box to solve Tier 2 brown field applications but often not yet
in production (& fear on costs from some DSOs)

= T&D exercise shows the feasibility for medium power transformers (see
later presentation)

7~vito___

020, WIS Wy

Brown Field requirements & Tier 3

» Feed back so far seems to suggest that:

» For medium power it can be solved with technology available
however there is some fear for cost increase! (see T&D Europe and
Eurelectric presentation)

» For large power limits might persist and a green field exemption
could be considered (See Task 3 and ENTSO-E presentation

» How to define exemptions will be in Task 3, e.g. require low loss
steel (<0,9 W/kg @ 1,5T) as alternative requirement

» TIER 3 .. Given the difficulties raised for Tier 2 considering Tier 3 is not a
focus of the study and the meeting

» ..See stakeholder presentations

f V|to oy AN T | 26

@081, WTD W
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: a vision on technology m‘

sre;;aratory study for the review of Commission
Regulation 548/2014 on Ecodesign requirements
for small, medium and large power transformer

Stakeholder Workshop

Paul Van Tichelen

Brussels, DG GROWTH
29" of March 2017

Agenda -start

» 9h0O0: Registration desk opens(you need an ID card or passport)
» 9h00-9h30 Coffee in meeting room Ayral
»  9h30-Sh40: Presentation of the study team and tour de table

pevito

ooy 2

RN VIO NV
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Agenda - TASK 3

»

n

»

»

13h30-13h50: Task 3 VERIFICATION OF EXISTING EXEMPTIONS AND REGULATORY
CONCESSIONS

13h50- 14h10: Summary of contributions by CENELEC TC 14 pre-standardization
activity (Angelo Baginni, CENELEC TC14, University Bergamo)

14h10-14h20: T&D Europe point of view on Task 3 {Michel Sacotte, T&D Europe)

14h20-14h30: Example - existing limits in the EDF Nuclear installations (Christophe
ELLEAU, EDF)

14h30-14h40: Discussion on concessions for green field large power transformers
‘rating + physical limits’ vs “specific loss limit (<0,70 W/kg@1,5T" vs ‘combination’
W?

14h40-14h50: How to deal with pole mounted transformers? rating + physical
limits’ vs ‘spefic loss limit (<0,70 W/kg@1,5T" vs ‘combination’ ..?

14h50-15h00: Dual voltage: is it a loophole? Review the requirements and how?
15h00-15h15: other Q&A Task 3 + How to proceed with inputin Task 183
15h15-15h30: coffee break

r~Vvio_ . .

020x] TS vy

Agenda TASK 4/2

»

»

»

»

15h30-15h40: Task 4 ON ANALYSIS OF OTHER ENVIRONMENTAL
IMPACTS(Paul van Tichelen, VITO)

15h40-16h00: Task 2 CONSIDERATION OF MINIMUM REQUIREMENTS FOR
SINGLE-PHASE TRANSFORMERS({Paul Waide)

16h00-16h10: If and how to deal with small power transformers (Paul
Waide}

16h10-16h30: Closing + AOB

f V|t|o technisiogy AonN01T o R

3083, WTD W
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Task 3: VERIFICATION OF EXISTING
EXEMPTIONS AND REGULATORY CONCESSIONS

» TASK 3.1: VERIFICATION OF EXEMPTIONS IN REGULATION 548/2014

» Medium power transformers for brown field applications with
space/weight constraints relative to Tier 2

» ‘rating + physical limits’ vs ‘specific loss limit (<0,70 W/kg@1,5T' vs
‘combination’?
» Can this be solved with PEI or A0-15%/8k??

» Large power transformers for green field applications with
transportation constraints relative to Tier 2

» ‘specific loss limit (<0,70 W/kg@1,5T'? Add this also to current
exemption for brown field?

» Scope: Something to add for substations to avoid lock in into
brownfield applications?

»~vito___

Task 3: VERIFICATION OF EXISTING
EXEMPTIONS AND REGULATORY CONCESSIONS

» TASK 3.2: ANALYSIS OF CRITERIA TO INCLUDE THE REPAIR OF
TRANSFORMERS IN REGULATION 548/2014

» See report

» CE legislation already limits the possibilities of repaired
transformers that have a CE label, especially when they
change characteristics

» the study team conclude that change of ownership, can
constitute a loophole because these products only have to
comply with the requirements when they entered the
market for the first time <> some stakeholders view

» Can we have requirements for second hand
transformers?

f V|to o A1 T
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Task 3: VERIFICATION OF EXISTING
EXEMPTIONS AND REGULATORY CONCESSIONS

» TASK 3.3: VERIFICATION OF CONCESSIONS FOR TRANSFORMERS WITH
UNUSUAL COMBINATIONS OF WINDING VOLTAGES

» See CENELEC

» TASK 3.4: VERIFICATION OF CONCESSIONS FOR POLE-MOUNTED
TRANSFORMERS
» Limited to Single Pole
» In principle there is no technical rationale to maintain this
concession, it is rather a lock in effect into existing procedures and
installations

» Could have the same type of requirements as other brown field
applications, e.g. specific loss limit (W/kg@1,5T)

y~vito___

020, WIS Wy
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TASK 4 ON ANALYSIS OF OTHER
ENVIRONMENTAL IMPACTS

» Note: The Ecodesign methodology (MEErP) used for this preparatory
study has been revised in 2013 compared to those used in the existing
preparatory study.

» MEErP 2013 was updated with a view to elaborating on the material
efficiency aspects. (note that recycling is more elaborated)

»  Will use data Task 1 (Bill of Material)

» Purpose: investigation of significant environmental impacts, other than
energy, are justified to consider additional requirements

»~vito

a 0017 e
020%), O vy

TASK 4 ON ANALYSIS OF OTHER
ENVIRONMENTAL IMPACTS

» Analysis with the new MEErP has been done (does not result in many new
conclusions)

» See importance of recycling (= green) > importance of BOM data
» Harmonics >> justify Tier 2
» Nothing new is proposed neither did stakeholder had such a proposal

wogy Aanot7 10
2081, WTO WY
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TASK 5 ON CONCLUSIONS AND
RECOMMENDATIONS

» collect the findings made in Tasks 1 to 4 with a view to making targeted
recommendations to improve, extend or reduce the coverage of
Regulation 548/2014

» An inventory of any technical and position papers (both solicited and
unsolicited). submitted by social and economic actors in the context of
Tasks 1 to 4 will be included in this task.

»  Timing — to discuss —no later input as end of April as we want to
conclude the Study in May

»~vito

g o007 "
©20w), WIS vy

Questions & Conclusion

» Scope: any?
» Questions, AOB?

5 vinal ' gy AonN01T
W08 WTO W
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ON EDF TRANSFORMERS

VITO MEETING
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1 i Electncite

le Prc

Christophe Elleau

March 28, 2017
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Preparatory Study for the Review of Commission Regulation 548/2014

EDF TRANSFORMERS CONSTRAINTS REMINDER

‘In December 2016, EDF transformers constraints have been forwarded
to CENELEC as reply to VITO enquiry. Replies have been collected
from nuclear, hydro, thermal, renewable fields of EDF Generation.

\J
. -~ -
“~ EDF
EDF-DIPNNY
1".SECTION: - TRANSFORMERS-GENERAL-DATA-AND-CONSTRAINTSY
1
)
Transformer category ''n Ga Gw Ge D« Dw Ds
= I8
3.13=
L)
Frequency{dr)s 0= 0% 0% 20 0= L5
1
Numberof phasess 3= ES 3a Segles Snghes ER
1
Type{ lauid-/ dry) = Oryw Dryx Dry= L= U Lquids
Ratedvoitage of wach- T saV TRV 2400 WV | @ONII0ENS
Y s 030s | 0300« | QTN | aoihve | sasnIIVe W
Highest voltage-dor- . . N y
Syuomiunt of sck ijoas | adwn | TEVILY gt d Mt::\.a:.)o 4204/ 12KV
windiogUm kv /& /1= . d We
Vector Groep s Dotiv Dynite D,n‘n- Dymite Dt Dynile
3

EDF TRANSFORMERS CONSTRAINTS IN PICTURES

“ Transportation limits
By road
Caractéristiques du convoi | 1 ére catégorie | 2 iéme catégorie | 3 iéme catégorie

Longueur LS<20m 20m<L<25m |[L>26m

Largeur 1€£3m 3m<i<dm I>4m
Miias M< 48t 48t<Mg 721 M>721t

Importante data for
— transportation limits

By railways S I S——r = == w— ’
—— —-\\ ol
S,
[ ',/ \ 1
1| e 1t el dossad [ )
" | i e \
[ ! R A R UREAR N
| X - French raiivay gauge
i } ! Width 3700 mm
- 4| Height - 4300 mm
(3
L 4
R =
Belunah . P Y ! ! 4+ 4
i — - L&
g::w uu," 3\\__.__"./; ,,,.:‘:A“
\

LAms penimEwmacy.
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EDF TRANSFORMERS CONSTRAINTS IN PICTURES

Examples of medium power transformers (Nuclear and Renewable fields)

. —

e
B ) o @ W B A e — -
e D ) » v

Margin on sides and height without
ecodesign <fcm.

Nuclear substations : Constralnts due to enclosures, dielectric
. clearances, maintenance access, interchangeability, weight
limits (earthguake), nuclear design rules

630 - B0O kVA Dry type

Minimal gap between the tank and the
wall for safety rules (peopl tion).

~
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Conclusions on the Draft Lot 2

EDF insists to keep the exemptions for :

O Industry technical realities
1 - Exemptions for existing installations are required and justified for :

“Power transformers which are like for like replacements ...."

for all power transformers where it is not :

technically possible,
economically reasonable, affordable (not disproportionate) or
reasonably practical

to comply with the Tier 1 and 2 levels, objectively, on existing installations.
2 - Exemption for transportation : from the factory up to the final service position (the
transformers must also go through the existing substation door, ...)

O Economic realities (Greenfield applications)

3 - Exemption for disproportionate costs : Unrealistic energy savings (more GOES,
more copper) induce disproportionate costs and impact other fields not evaluated in this
Draft Lot 2 such as safety, civil work, mechanical withstands of slabs, nuclear design

rules (Fukushima learning)), in particular for small series of transformers

4 - Enerqy Efficiency but In a realistic and objective way without any dogmatism.

v
-~
“ = @DF

Thanks
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ECODESIGN REGULATION 29 Mars
TRANSFORMER JC RIBOUD

548/2014
REVISION

entsoé' |

Transformer ecodesign salient points from TSO’s

For large power transformers
« Tier two is achievable
* Induce larger units (heavier and more bulky)

« Transportation costs increase
May reach 50 % of the cost of a transformer

« On site construction
Is not always feasible and generate very high costs.

entsSo@ ris:
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Transformer ecodesign salient points from TSO’s

Economic concerns

« Scrap value of the embedded copper is not
that of recycling as retrieving copper from a
transformer has a cost.

* If copper demand increase price variability will
increase and price revision formula may
induce shortage of budget.

entso@|rm:

Transformer ecodesign salient points from TSO’s

For large power transformers

* Transportation is a concern even for green field
application
«  TSO's needs an exemption for transportation constraints
«  TSO's needs to standardize transformers including non-compliant one

For cost efficiency and reactivity exemption must be granted as generic
and not site specific with the right not to site optimize the design

Need to have the right to purchase non-compliant
standardized transformer under blanket agreement

entso@|re
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Transformer ecodesign salient points from TSO’s

For large power transformer

« Defining a minimum KkPEI is against efficiency
« Astransformer needs to be tailored to their average loading

« Example 1: 100 MVA, tier 2 PEI 99.77%

« KkPEI=25%, Pk =460 kW, Po=28.5 kW
if actual loading is 20 %
Transformer actual losses will be
28.5+460*.27= 46,9 kW

- optimized transformer for 20 % kPEl Pk =475 kW Po = 23 kW
Transformer actual losses will be:
23+475* .22 =42 kW

entso@|rus

Transformer ecodesign salient points from TSO’s

-  Example 2 :100 MVA, tier 2 PEI 99.77%

«  KPEI=25% Pk=460 kW Po =28 .5 kW
it actual loading is 40 %
Transformer actual losses will be
28.5+460*% 4= 102.1 kW
« optimized transtormer for 40 % kPEI Pk =287.5kW Po = 46 k'W
Transformer actual losses will be:
46+287.5%.4* =92 kW

Optimizing the transformer to the actual usage is the
best option

entso_,|-.-.
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3

Transformer ecodesign salient points from TSO’s

For large power transformer
« Specifying minimum material quality:
May shift the total market to a limited number of reference of material

and induce shortage or cost increase

Reduce the freedom of design as several means exists to achieve same
loss level

There shall be no special requirement on material

performance
entso@ s

0
Transformer ecodesign salient points from TSO’s

For large power transformer

* Repairing is :

« A common practice base on TCO comparison
A repair is not done if there is no economic interest or other service requirement
Reduce the time back to service

Economically and environmentally justified

Scrapping young transformers (less than 30 years old)

Is puzzling the assumption of “use phase is predominant”

» |s wasting residual values
There shall be no restriction on repair
entso@ s
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Transformer ecodesign salient points from TSO’s

For large power transformer
« Tier 3:
« Asthe design of tier 2 already reached the transportation limits

« The progress of maternial are rather slow and large units already uses the
best available material

- The potential benefits on losses is small compared to the economic
effort

PEI 9977 % KPEl = 25%, Pk = 460 kW, Po= 28 SkWlosses at kPEl - = 57.25 kW
PE| 99 803 % kPEI = 25%, Pk = 394 KW, Po = 24 625 KW losses at kPE! - = 49,25 kW
Gain |less than 8 kW for the same PE| increase as between tler 1 and her 2

There is no need at this stage to define a tier 3

entso@ s
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Small transformers

Paul Waide - Waide Strategic Efficiency Ltd, UK

Transformers Ecodesign stakeholder meeting
March 29% 2017

& Waide Strategic Efficiency

Scope of the regulation 548-2014

+ Some stakeholders have asked whether or not this study
and regulatory process addresses small transformers?

- Note the title of Commission Regulation (EU) No
548/2014 of 21 May 2014 is on implementing Directive
2009/ 125/EC of the European Parliament and of the
Council with regard to small, medium and large power
transformers

- By default the definition of such transformers could be
considered to be transformers which are too small to be
covered by EN 50588-1:2015

, ¥ Waide Strategic Efficiency
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Cormen:
Cormrn
—

Scope of the current study

This review preparatory study is conducted on a very
tight timeline and modest budget

None of the tasks the consultants are contracted to do
address such small transformers

Task 3: Verification of existing exemptions and regulatory
concessions, with subtasks:

Task 3.1 - Verification of exemptions in Regulation 548/2014

Task 3.2 - Analysis of criteria for the repair of transformers in
Regulation 548/2014

Task 3.3 - Verification of concessions for transformers with
unusual combinations of winding voltages

Task 3.4 - Verification of concessions for pole-mounted
transformers

See next 2 slides for exemptions that could be assessed in Task 3.1

addressing small transformers . , .
4 ¥ Waide Strategic Efficiency

Scope exemptions of the regulation

Regulation 548-2014 exempts the following products:

instrument transformers, specifically designed to supply measuring
instruments, meters, relays and other similar apparatus,

transformers with low-voltage windings specifically designed for
use with rectifiers to provide a DC supply,

transformers specifically designed to be directly connected to a
furnace,

transformers specifically designed for offshore applications and
floating offshore applications,

« transformers specially designed for emergency installations,

transformers and auto-transformers specifically designed for
railway feeding systems,

p W Waide Strategic Efficiency
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Scope exemptions of the regulation

Regulation 548-2014 exempts the following products:

earthing or grounding transformers, this is, three-phase
transformers intended to provide a neutral point for system
grounding purposes,

traction transformers mounted on rolling stock, this is,
transformers connected to an AC or DC contact line, directly or
through a converter, used in fixed installations of railway
applications,

starting transformers, specifically designed for starting three-phase
induction motors so as to eliminate supply voltage dips,

testing transformers, specifically designed to be used in a circuit to
produce a specific voltage or current for the purpose of testing
electrical equipment,

welding transformers, specifically designed for use in arc welding
equipment or resistance welding equipment

Waide Strategic Efficiency

Implications

Practically small transformers are not being covered by the study

Also there are currently no applicable energy performance test
standards thus no means (yet) of developing requirements

For example IEC 61558-2-4:2009 covers safety of transformers up
to 1100V but not energy performance (e.g. losses)

Thus, should we attempt to formally define which small power
transformers are not yet to be covered by the regulation?

+ Given that small transformers are effectively out of scope of this
study then should any efforts be made to consider the potential
merits of a follow-up study?

4 W Waide Strategic Efficiency
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Task 2 - on Consideration of minimum
requirements for single-phase
transformers

Paul Waide - Waide Strategic Efficiency Ltd, UK

Transformers Ecodesign stakeholder meeting
March 29% 2017

M Waide Strategic Efficiency

Aim and tender request

Single-phase transformers were excluded from the scope of
Regulation 548/2014 for a number of reasons, primarily due to a
lack of available data. These transformers are mainly used by
utilities in Ireland and the United Kingdom and their exclusion
could be reconsidered, as this represents a missed opportunity for
energy efficiency and a potential regulatory loophole

Investigate whether it is technically and economically justified to
extend existing minimum energy efficiency requirements during
Tier 2 to also apply to single-phase transformers

Establish whether the existing harmonised standards, CENELEC EN
50588-1:2015 and EN 50629:2015, adequately cover the
measurement and calculation of the energy efficiency of single-
phase transformers, or whether further standardisation work is
necessary

, ¥ Waide Strategic Efficiency

Month Year I 164



Preparatory Study for the Review of Commission Regulation 548/2014

Issues to discuss

Single phase transformers occupy a very small niche market in the
EU's transformer market accounting for just 238 MVA of installed
capacity per annum

In practice, within the EU these products are only sold and used in
El and the UK for use within remote & isolated rural single-phase
distribution networks

There appears to be negligible risk of single phase transformers
increasing their market share at the expense of 3-phase
transformers due to unsymmetrical regulations concerning 3 phase
transformer losses because the decisions regarding whether to
apply single or 3 phase supply are governed by factors which are on
a wholly different technical and economic scale to the incremental
cost issues associated with 3-phase transformer loss regulations.
They are also entirely of an historic legacy nature

% ¥ Waide Strategic Efficiency

Issues to discuss

In practice the potential regulation of these products is an issue which
only affects El and the UK rather than the EU as a whole. In
consequence, it could be argued that:

» it is only sensible to consider the issue using the load profiles,
costs and economics that apply in these two economies (rather
than the EU as a whole)

» as the UK has announced its intention to leave the EU, it may be
justified to only consider the Irish case for the Ecodesign
regulatory determination, although an analysis of the pros and cons
of regulation within a UK context may also be helpful to the UK’s
policy making process

» however, it is not clear if the MEErP permits the use of anything
other than EU average values supported by sensitivity analyses;
although, the former have little meaning in this context, Even the
predominant products sold and load factors vary between El and

the UK in a systematic manner ) ) o
p ¥ Waide Strategic Efficiency
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Issues for stakeholders to consider

We therefore invite the stakeholder process to consider these
matters of principle before we finalise the analysis, as they are
likely to have a significant impact on the findings

Given the uncertainty with regard to the approach to be followed
the analysis in the draft report presents provisional findings using
EU average tariff data, MEErP discount rates and a range of initial
assumptions regarding CAPEX costs and load factors

& ¥ Waide Strategic Efficiency

Data sources and estimations

As is clear from the discussion the majority of data on these
products concerns the Irish and UK markets

Data on market volumes, typical total load factors, load losses and
no load losses was supplied in the kick-off meeting by Antony
Walsh (Eurelectric, DSO) and also via a document prepared for
CENELEC WG21 and supplied to the EC for use in this study

Data on the performance of amorphous transformers is publicly
available from ABB

- Data on single-phase transformer costs is missing and is
interpolated from three-phase transformer costs as a function of
their reactive power rating, no-load losses and load losses

Data on typical UK single phase transformer loading factors are
also missing

4 W Waide Strategic Efficiency
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Markets

Single-phase transformers are only used in rural locations - which
are especially prevalent in Ireland

Some 154 MVA of single phase transformers are installed in the UK
annually and 84 MVA in Ireland, making a total of 238 MVA of
annual single phase transformer capacity installed annually in the
EU as a whole

5 ¥ Waide Strategic Efficiency

Measurement standards

Measurement and rating of losses from single phase transformers is
covered in EN 50588-1:2015+A1:2016 (E) Medium power
transformers 50 Hz, with highest voltage for equipment not
exceeding 36 kV - Part 1: General requirements

This is the same standard used to measure and rate losses of
distribution transformers

However, performance of products lower than 25kVA is not
distinguished, nor of those between 25kVA and 50kVA

« This means that the products which are most used in Ireland (15
and 33kVA) are treated indistinguishably from those most used in
the UK (25 and 50kVA) even though their losses should be less if all
other aspects are equal

5 W Waide Strategic Efficiency
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Typical single-phase transformer losses in the
UK (shaded white) & Ireland (shaded green)

‘PO(W) Pk(W) PEI

48 270 98.48%

0.42

48 405 98.26% 0.34

68 540 98.47% 0.35

58 675 ?8. 80% 0.29

77777 112 900 98.73% 0.35
228 1557 98.81% 0.38

§ W Waide Strategic Efficiency

Findings for load losses

The cost effectiveness of reduced load losses is highly sensitive to
the load factor - his would need to attain 0.075 for there to be an
economic rationale to introduce minimum load losses for 15 and 33
kVA single phase transformers (IE) or for 25 and 50 kVA models (UK)

While the El average load factor is reported to be < 0.075 we have no
data for the average UK load factor for single phase transformers

A caveat in this finding is that average EU tariffs were assumed even
though these products are only sold in El or UK

It could be argued that the average El or UK tariff should also be
applied to this analysis as these products are scarcely sold elsewhere
in the EU

The same caveats as stated previously also apply to the assumptions
regarding the product price and hence CAPEX

10-* Waide Strategic Efficiency
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Findings for no load losses: 15 and 33 kVA
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Cormen:
Cormrn
—

Summary of findings

Provisional analyses indicate that there is likely to be little or no
economic justification to set Ecodesign load loss limits for single
phase transformers as they are actually used in European countries
{exclusively El and UK), but that there is likely to be an economic
rationale to set no load limits

The LCC analysis for the no load cases suggest the minimum is at the
AAA; no load class level

The study team is awaiting new information as well as guidance on
matters of principle in order to be able to complete the analysis and
make final conclusions on this topic

A related issue is whether there is any logic in setting PEI limits for
such products or potentially simply no load loss limits

13-‘ Waide Strategic Efficiency

Questions to stakeholders

- Is it only sensible to consider the life cycle cost
issue using the load profiles, costs and economics
that apply in El and UK or those that apply to the
EU as a whole?

- Are there any sources of single-phase transformer
costs we can use to validate our cost assumptions?

- Are data for UK average load factors for single
phase transformers available?

14* Waide Strategic Efficiency
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Links and Contacts

Lot 2 Ecodesign study for small, medium and
large power transformers

https:/transformers.vito.be

Paul Waide - Director

Waide Strategic Efficiency Lid
4 Winster Avenue
Manchester M202YG

UK

Tel: +44 161 883 0508
Mb: 44 7794 141 848
Em: paul@waide.co.uk

@ Waide Strategic Efficiency
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- T&D Europe Review
- of Vito Draft final report
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T&D Europe contributions

« Gave a position paper on the revision of the
regulation in January 2017

+ Gave data for Green field feasibility in January
2017

» Gave data for Brown field feasibility in March
2017

« Has analyzed the VITO draft final report
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&, ‘h.\t_ﬁm&*" s Sedl R

Vito Draft final report analysrs

« 1.1.1.10ther important transformer material
prices
- Conclusions on High Temperature insulation [Solid and
Liquid] shall be reviewed taking also into account the
global optimisation of the transformer
« 1.1.16Ilmpact of current transformer commodity
prices on Tier 2 (Table 1.9)

- The CAPEX differences given for TIER 1 and TIER 2 Green
field are reasonable

- The CAPEX differences in average for TIER 2 brown field is
reasonable too but can be higher for very specific

installations D
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Vito Draft final report analysis

« 1.3.4What is the risk of only specifying PEI
requirements?

- Manufacturers are not in favour to use PEl for rated power
less or equal to 3,15MVA even with limitation of K Factor
for standardisation of components reasons

« 1.3.5PEl data for large power transformers

- Manufacturers has not enough data today to limits K
factor(>0,25) for Large power transformers(Impact
feasibility)

- Limitation of K for PEl could create issues in case of
weights and dimensions limitation

P,
> e - = =
A a-ﬁ;i v j’E vy E
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Vito Draft final report analy515

« 1.8Enquiry from the Belgian grid operators on
Tier 2 transformers for brown field applications

- Belgium is very special case in EU(Double winding)
- Some other technical solutions can be studied
- Some concessions should be applied for double

windings
« 1.9Conclusion on Tier 2 for space/weight and
transportation constraints
- Before giving new exemptions manufacturers believe
that some new technologies can be

explored(Insulation, _@[—::ture)
v Bl e ShER sl EE-u.‘ i

e S U e A e o UL

Vito Draft final report analy51s

» 1.10 Is Tier 3 an option?

- A study should be done to evaluate
- The information regarding dry type vs Oil should reviewed

- Technology neutral statements are more advisable to avoid
preventing development on existing technology

« 2 Task 2 on Consideration of minimum
requirements for single-phase transformers
- Manufacturers are able to design single phases with

reduced no load losses

Tefeoe
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Vito Draft final report analysis

« 3.1.1.1Medium power transformers for brown
field applications with space/weight constraints
relative to Tier 2

- Tier 2 shall be always the first choice.
- Tier 1 shall be the second choice

- If Tier 2 and Tier 1 are not possible transformers shall be
manufactured with magnetic steel having less than
0,77W/kg at 1,5 T and copper

Tefeos
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Vito Draft final report ana‘lyms

« 3.2.1Limitations from CE marking legislation
- The repair issue should be solved to avoid cheating
situation(No loophole)
» 4 Task 4 on Analysis of other environmental
impacts
- Clear description of which material shall be considered and
which designation...

- Documentation on the web for routines tests shall be with
restricted access to customers and market surveillance
authorities[Antitrust law]
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= et Bl e

- ‘. | ! v . - ,‘ >
Vito Draft final report ana’tyms

« 5.6Potential amendments to concessions for
transformers with unusual combinations of
winding voltages

- To avoid to kill new technologies manufacturers

recommend to keep TIER 1concession also for TIERZ for
Voltage regulation distribution transformers

iRy i\ &
:ﬁ | & m y M/ﬂ”
-, } 1 . ’ !-, ¢
p— Additional remarks b

» Subject matter and scope

« improvement given in FAQ and by T&D Europe position

paper(15/05/2015) and Cenelec shall be merged to clarify
most of the exemptions.

« Market surveillance
- Shall be pushed to allow regulation to be efficient
» Efficiency for LPT <4MVA >36kV

- |Is flat in current time regulation; More appropriate value
shall be given
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GOES development for Tier 2

thyssenkrupp Electrical Steel

Stakenolder meeling - 28.05.2017 - Brusseis

Dr Régis Lemaitre

thyssenkrupp | Steel | Electrical Steel

engineering.tomorrow, logether thyssenkrupp

Conventional transformer at 50Hz
Grain Oriented Electrical Steel (GOES) is the core material of transformers
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What is GOES?
A crucial steel for energy business

» A Soft Magnetic Material based on iron-silicon alloys, having high polarization & low energy loss
« Aflat thin steel sheet with insulation coating
Nominal Thickness: 0.23 - 027 - 0.30 - 0.36 mm
- Typical width; 10 to 1 000 mm

Share of worldwide available material for

3
transformer cores

Amorphous material

»

Satunntum pobeisaten J, [T)

Grain oriented
electrical steel

965%

Coertrer ose N, (A

i b
What makes GOES special?
An amazing process complexity to achieve Goss grain recrystallization
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GOES development towards lower losses

A long story of energy savings ... drivers for transformer improved performance

C 120-30
H 100-50
H075.23 L

3

5

o
&

Specific Total Loss at 1.77 - 80Hz in
WKy
8

e
HGO-L "®--.

o
3

0.35mm 030 mm 0.27 mm 023 mm 0.20 mm

Lot 32 1 LS oL$
P =CB'f+ ——f +C-B S
0 s Prs
Hysterenis Loss = Eddy currantLoss + Anomalous Loss

Next breakthrough thanks 1o @ new thinner gauge

fagrme Saawerbrass Hertraal Sew

New thin gauges of GOES

« The nominal thickness (0.35, .30, 0.27, 0.23 mm) Is a standard ed value, The next thinner gauge to be ntroduced
in the product Standard |EC 60404-8-7 was discussed in the |EC TC68 committee meetings of Year 2016

+ Ithas notbeen yet decided # 0.20 mm or 0.18 mm or both will be introduced within the next revision of the
LEC60404-8-7 Standard.
have already started to develop thinner gauge high permeability HGO 0.20 mm or HGO

+ Several GOES producers
0.18 mm. For the time being, the material is available on the market n small quantities compared to the thicker
nominal thicknesses.

Why?

+ On the one hand, steel mill manufacturiog cost s higher, simply due to a lower productivity at cold rolling mills and
In continuous processing lnes. Development of thinner gauges will reduce the production capacity and
consequently the quantity sold on the market.

+ On other the hand due 10 permanent process optimeation, the specific total loss Ps Is continuousty lowered
Particuiarly observed for the High Permesbifity grade HGO.L 0.23, it leads to enough available materia! to fulfil the
demands of the transformer industry snd particularly for eco.design trensformer requirements.

+ Besides economic optimization of the transformer industry, the new thin gauges will not be a technical issue for coll
slitting, for lamination cutting with regards to distribution transformers. The technical development would take mote
time for the larger power transformers particularly due to lamination hendling difficulties for stacking.

To conciude; according to manufacturing / handling issue the application of thin HGO-matenal with
thickness 0.18 mm or 0.20 mm s not yet In seral transformers, even thase thin gauges are in the
deyeloping phase

o\
[ T gl
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GOES grades for Eco-design transformer requirements
Status quo

« Tier 1 ("Ao class"): demand increase for the best HGO grades
- for DT: required losses at 1,7 T In the range [0.90 W/kg - 0.80 W/kg] ie H 080-27 & H 085-23
~ for large PT and pole mounted Tr. : Tier 1 is "not very stringent”
* Tier 2 ("Ao-10%" for DT — “Mini Peak Efficlency Index" for PT):
~ for DT, at same design, a high demand of "H075-23" and for advanced transformers of H070-20
=~ for PT, the "conversion time" is coming ... from H100-30 steel core to H85-27 / HB5-23 ...
« Availability of the materials to meet such requirements is “given” by stesl mills

HDBO-27 &%
H DBS-235 & ¥ (50-23

How to ensure, that transformer cores will only be bullt with prime GO grades defined in
Tier 1 and Tier 2?

S &

PowerCore® HGO top grades:
Suitable for EU Ecodesign requirements of power transformers

15T 101 13T v 12T
OW 0N 10K 0Wr  SON: BOMe 800 AM 00 AIm
mm  ach Wig Wiy Wi W Wikg W typ. T . 1

PaeniCore*
WOIS23L 0z 0008 0S5 oM 033 oM 075 045 161 1.6
HOMZIL 023 0O 057 07 03 047 080 o8 191 168
NOSSIL 023 0008 Moo 043 03 030 085 051 180 Lo8
HO90.23 nzs non 16 0383 037 O Dy 2™ 190 188
HIOD23 073 000 057 0S8 040 038 100 020 j8d 135
HOBSZTL 077 008 gA3 08 038 00 0ss 231 131 1.88
HOR-ZTL 027 04 085 035 03 05 000 054 101 1688
W 085 27 0z 0.011 0ss 095 041 0% 06s 0s1 191 160
#1007 0z 0on 071 0% 043 A% 100 08 1M 188
1 110-29 02 00 076 108 048 085 L0 0F8 168 1,88
#100-30 030 0012 077 088 044 039 100 0%0  19] 1.8
" 106-30 030 001 075 100 045 082 105 o083 181 160
# 11030 nw  non 077 108 048 o6 10 aes 190 1.88
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Overview worldwide exports and imports ~ fawat -
2016 expom and Impom in ktons vepm a_"',]"'_“__-jl%l_"_'_"_'fir_"I'EM_Ai L)
.mnmm_ﬂ:f’mlm&_ 13,678 r(n_thar?mdt"'nm -apan =]
Japanto B I8 TRI06t  EU 28 tromy Jepan 0330
M Export B import
‘l
Japan, Russia and South Korea are nel exporiers
Seurss Mmbafrwrmwgeng Skl < Famgy cadorr datatiy - VIR stetar D —
v | | R g_{)
EU regulations on Chromium substances
Why developing a Cr-Free coating?
+ EU RoHS Diractive 2002/95 restriction on hazardous substance directive requirements:
1 July 2006: electric & electranic devices on EU market are not allowed 10 contain Pb, Hg, Cd, Cr{Vl)
+ GOES coating process |s based on 8 liguid solution made of chromic acid containng Cr{Vl), but Cr{Vi)
iz complately reduced during the annealing and baking process in a Cr(lll) component.
<2 thyssenkrupp Blectricai Stesi insuiation costing doesn™ contaln nefther Ce(V1) nor harmiul
camponents
+ REACH* Ban of the harmful chrommum substances In Europe as of 21.09.2017
Vo po— S @ p— v - TUEENG SOy
» - paen b e - — |
i o et | CPO3 = C‘(W] Ciirzegeen I Mech 2014 21 Sptier 21T
B D N R
Ol e 111N ::‘
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Thank you for
your attention
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GOES development for Tier 2

thyssenkrupp Electrical Steel

meeting - 29.03.2017 - Brussels @)
thyssenkrupp | Steet | Electrical Stesl

engineering. tomorrow. together thyssenkrupp
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ANNEX J

Hitachi Metals Europ

GmbH Comments on the Draft Review Stud

HITACHI METALS COMMENTS

12

In addition, the study Twestigaces I, in the light of tachnological peogress, the minisum
requirements sat out for Ther 2 In 2021 are still appropriate based on & market
asassment of the Eakation I cost and performance
oy . R

e siaeland aids dos s

strike throvgh text showld be removed and reploced by
fer Tha different core matedlals grade

technology neutral issue

under ther 2 dedgn requirements and regardless of the core
materis wsed, the DTs physical characieristics will be yary
Lievilar,

reply we do not want 1o hige the facts

[ 14 g A ek maestmtby b . - e tecknology neutral issue
- b b Ve - unser ther 2 denlgn requirements and regardless of the core
feme & mwmt g i putibedd o o il it i materiel used, the DTs physical characieristics wil be very
strike throvgh text showld be removed similar,
68 previous
1 14 The study 2% the Iop of e Vg 2 Tier 3 lavel waen siriczer | Wee are In favour of Tier 3 requirements,
requiremenny. indicatively to be copsidered comig ingo effect e o e o
112 3 — s e e R oa— vbaiiais | techneligy] neutral neue o
Rt + e e - undee tiee 2 dunign reguirements and regardless of the core
I b bt b s b materisl cnad, the DTs phrysical tharsctaeistics will be very
Strike through Text should be removed Meviler, coo crauions
Table 20 Lntious gradesiMZ, M3, ME | ) which the three product ranges oue of the Official Jourre of the EU
15 12547232 30 20.2015 point 176 should be wied raply texl
Tabie 20 M3 core stosl 204 poiet 132 in the above OJ he Usica induatry ‘m. ited
15 204 for <D, UW kg losaes "MIPs arw cutrertly lar Selow current market pe! ?n&-m
ot third countries ] L
31 Utiiitles report ititle uptake of -~ Ter 2 ol technology neutral issus
try thus tar v e - under tier 2 design requiremens and regardiess of the coee
Strike through Teat shouid be removed material used, the DT physical characieristics wil be yery
shrilar, see previous
There is no Incentive for utilities to purchase tier 2 compilant
sgUpment, before it emters into effect in 2021
115 3 1.1.5 Greon Field and Brown Field transformer design [P Ry

In this stuedy so-calied groan fald and brown Sule reference deslgrn af ransformars ane
considered, ‘Graen fleld referance devgm’ arw trancforma s detigned Tor green fieid
projects, La, o new pramct whsre the slam and wel gt of the trecaformer & nat e
specficaly coratzainad requiremwm Hing froem bmi d with the
dimeraions s load Saring capscty of existing enciosures. Green Fleld Seslgns are
Dwrefore the MOst cost-afMective designe. Aude from green Sekd desigrs brown Feld
refersece desigra are alto iocked 41, Lo arformers for a replatemant project that hes
SPeciic Bemibabions o slaniwaigps resdtiry Som the need 1o install the Sandormer in an
welating enclosure

strike throogh taxt should be removed end rapleced by:
Infrastructurs s for electrc limitations

reply. in agreoment with CENELEC only thesd
ssues were dentilied

March 22,2017
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Hitachi Metals Europe GmbH Comments on the Draft Review Study Text

Le n The Tier 2 green feld appications (Tier 2 Green | in Table 1-8) have a price In Ine with | ieestes
the impact Assessment (2014) and hence for these there s ] to | strike throwgh tent showkd be removed ond reploced by:
roview Tior 2 om economic grownds for green tield agplications. We assume that s these steel grades
tan only be achieved with the most efficient GOES or AMDT, hence It Is Important that
n n dor 4 wil mot cause a surge in prices relative to the price
review in section 113.2,
Tabie 24 Pricas ghven in this tabile arw very high. pricing of wound/sacked core DT MUST be riviewad
L8 Srrera FITIormsar ™ ACT datasten] - indicates pricing 1o be
much fowwr
Al chwek CLASP Rapor] from 24 Augist 2010 on purchasing
price ciflersrce
thanks updaled
3% Mutﬂulwrnmm'wmwtﬁerm.mwmmmhm:s technology nevtral issus
(ANIT) Arrempaained-on tot--Ahey undes ther 2 desgn requirements and regardiess of the core
s At Sncan 4 Py Pyt “‘—"ﬂuswlooduusm-dlhmhrl materisl used, the DTs physical charscieristics wil be wery
q Lot tem tomss- Lyt simmilar,
bover ~e- neonbonn e &% | AMDT: respect the reguirements on shortcioult e
b bebsia o s [ wath | everplified by LD Paper from June 2009, This Iy o non
s e T D R ) Isse andd shoudd not be mentioned In the test.
=~ i3 Shak onddh el abe iy
R G LT G G O T KT KBIY
N s St shaid b remaiad text updated and reforence ndded
15 38 If & LransSormaer i to0 Dig Of 100 hodvy 23! are my; ega This is a fully exagerated claim and ondy based on one spacific
mrpuammnmmuum o parts of it Trw cont for s fwlenca case, I Garmary SALO Elektronmenndk (yferpnons o
can be up to 30 times greater than the frice of less than €40,000 for & substation and inclasing & 400
um-mtummw-wmmnmmmwam» VA cr 630 KVA DT in that price,
Irtaiod grosntisid brantfrmar dubemation i LIRS hice. {hanks price undate and seterence sdded
161 41 Using low loss siieen sceel is one of the most obvious step to go from Tier Lto Tier 200 | technology newtral issue

Mmmwmmmmzmlllbmnﬂleszmwhw

undes tier 2 design requirements and regardiess of the core

womlabilty, Using low loss stee! wil 2ecrestn the cooling needs and theref,

the velume and weight of coaling system and tramsformer, e g the cooling finrs for o
cooled systems. Low loss GOES price snd avallsbilty might be the main barrier. Using
low loss steel a%s50 aflows to Incresse the maxkmum magnetic flus demity and
theratore the size and weight of the transformer. (n view of Tier 2 and general rerest
in energy savings ressarch is angoing 1o upgrade GOES production plants worldwide o
lower lozs grades3s, herce & is rexcoabie 10 expect they will become more avalable 21
» competitive cost.

strike theoogh text showld be removed

il used, the OTs physical characteristics wil be very
similar,

we do not want 1o hide this fact

March 22,2017
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Hitachi Metals Europe GmbH Comments on the Draft Review Study Text

10e 43 More recendy in 2015 8 Chinese company Hathorgl edes in desipeing a actusly this (s Mexaformer, 3 Swedish patent, copled by Crira.
hevagonal or so-calied 30 trianghe shapod " 4 and in The ofaso
Innovative mass production machinery for It This reduces the amount of swerpacus vabed 30 core appiles for afl magnetks core materials, fe lower
material needed which benefits weight and also has a drcular core cross section which loss, lower noise., This is simply due 1o physics!
benefits short crcuit behaviour. They also dalm reducing transformer noise. Ris a
ey lop tor more and Sght welght smarpnnns tramsformen. see previous
stiihe rent showld be removed
L7 44 1.7 Current status of Tier 2 b Tield solutions for medium power o and | Dus to the impartarce of this information we befiees that ths
manulactuer enguiry TRD data shoud have bewn made ivilabis befc the meeting
TRD Europe W committed to supply date by 9tk of Masch: Pence data wil be pemanted | 10 slow stetnhaiter 10 study fef mabie comments well in
e i d in the weabehoid " siveres. notad g 0o Hime was aua
s a4 The Belgian Grid aperstors Synergrid 46 have done a ¥milar exercive a3 in section 1.7 Once again tres only redances one case In ane country, One
thoe result will be dscussad In the stateholder mesting.. Figuss 1-10 shows the results | Belglan case cannot be used to esemplify the stuation scros
for 3 800 kWA tramaformers with 1LV winding [242V) an excersise done wath their ususl | the £U,
supplers. The green line in Fgure 1-10 are the Tequirements that they did sent 1o & Please clarity last sertence.
sefection of manufacturers wherein Eco 2015 is Tler 1 compliant of the Regulation and
Eco 2021 Tier 2. The came from the ion of the existing 3
see Figare 16, The best Tier 2 fit fall copper windings| stfl d exceed the weight lims of [ NOIRG A< ekt more updated conmsdenng s
1800 kg by 18 % 2050 kg) Heren from thess marsfacturers. It did't result in 2 Tler 2
tramformer,
19 a5 Givan the prnvioenly dis d L R ——— LT P re shoud 2 no for greanfisld, For Cuid
Ciors might be 1O IWOR S0 xctasive couts 0r some Individual the hould be the eaception and DT mekess/utiities
Cases Stakehokders anm invited 10 provide suggestions for This which will be & n | must o hase BAT srest be used in all
Task 3, e
strike tet should be for power tranformar s greenfield limits are knowr
110 4545 1.10 Is Tier 3 an option? we are in favour of a Tier 1 starting in July 2025, Fixed loses vs
IfalTerin d for medium power i It showa mainky be focused on | MEESS 10 e ducussed.

further reducing no load kosses, e.g AD-10% Le, AR towards AMAD. Further reducing
the Joad losses would continue 5o resudt In a kPE d¥ferent from the Base Cases and
therefore not recommended |

noted and the option for a Tier 3 is now added

March 22,2017
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Hitachi Metals Europe GmbH Comments on the Draft Review Study Text

FE N 58 Use of Amorphous Transtormers: WITQ reders 10 speculative information wieh Incorest
Amaorphous trancformers have much lower ron (osses than cormentionel, ever: those whare Iy the evidence? «0%? Wio pricng
which wit now use of lower loss steels, msumption were aveady proven t be escessive: tee Semerns
It Is reported that there (s no extensive use of amorphous transformers in the UK or pricing and dasp report abowe (Page 2)

Ireland from which 1o provide a redable basks for the stimation of the coss of such The last sertence could he corsidered a3 2 erious attemet to
ransiormers. discredit the reputation of several world leading companies.
Fierivp et s -t -t Companies could consider legal action regarding this wording,
Lesain s jos o - Sl s s st edi e e

Sothoaunh donshesaiohe e S ]

ain-a-tial it snaileed. ._4...-‘.: ok e 2 PR a——

et L. ey Sa06 Lo s Sl

A3 strike through text shovld be removed

311 &0 Note that TAD Eurcpe nas wpphod & St review of Regulation S48/7014 and Trwe TED &raft should have been made svsakie 10 all
CENELEC/TU14 is alio working on & document, peTS S0673:2017, which Inpur L Wl in ach 10 slaw wifTion communts on
fer the raview. Thode Sndings sre ot yet inckded in this report but during the study hait findings price 1o the mesting
Stakwhoid gon293nn o trat & wumeary of ther Tedings should te

prosertind. Thus, in the following text anly seens of the major findings releted to the
work i the draft Task 182 chapters are discussed.

122 64 be second hand ! can constitute a loophole to the current Reguitation we agree that repakred. used and retrofit OTs must comply
58572014 it would be possible 10 add requirements for sacond hand 1o stothe | with g requiements.
Neguidation. in ol this, the EC shoud check i ths approach is compatible with other CE
fepdation.

Second hand transformers can be defined as transiormers that changs cwnership and
that are incompatitie with the exlsting requirements for new transformees.
fegurements for second hana transionmers could be setin tine with the Tiers for new

translomers.

5, 0 Poslion Papers B Ammendments The documents under paint 5. sheukd bave been made
wuiilable 0 al stakenoiiens well in stvarcs 1o allow weittien
commanas on thair findings price 20 the meeting.

March 22,3017 “
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Preparatory Study for the Review of Commission Regulation 548/2014

VITONV
Boeretang 200
2400 MOL

Attn.: Paul Van Tichelen

Our date: 18.11.2016
Our ref.: 201604919-30

File no.: 652 Enquines to:
Your date: Kirsti Hind Fagerfund. khf@nve no
Your ref:

— Input to the review of the Ecodesign Regulation 548/2014

The Norwegian Water Resources and Encergy Directorate (NVE) appreciate this opportunity to provide
input 1o the ongoing review study on the Ecodesign Regulation $48°2014, Our comment contams a
general overview of the situation in Norway regarding the regulatory regime for electricity transmission
and estimated losses from transformers. It also contains the summary of a small survey conducted by the
NVE carlier in this month.

The summary of our comment is in the abstract below while the full text is in the Annex
Abstract

Norway has a lower percentage of transformer losses (1.02% of the electricity production) than the EL.
The energy efficiency gain caused by the Regulation is low. and it has a low cust efficiency ina
Norwegtan context. One reason for the low gatn is the Norwegian regulatory regime for electricity
transmission. Norwegian network operators are incentinized to choose transformers that over time have
the lowest cast level,

In November 2016, the NVE condueted a small survey among six Norwegian stakeholders (of which
three responded) about the tmpacts of the Tier | in Regulation 548/2014. The responding stakeholders
have largely the same view of what the impacts of Regidatton 548/2014 have been so far. In genaral, the
purchasing costs for transformers have increased by 13-30%. The main reason is the need for materials
of higher qualtty. Still. 1t might be a bt premarsre to draw conclusions for the large power transformers.
The installation costs of transformers rated under 3150 kVA have not increased with the same rate as
the procurement costs. This i1x partly die to Norweglan stakeholders having a focus on not increasing
the footprint of the transformers af the site. Cooling needs might change the picture.

The total losses for transformers rated below 3150 kVA have fallen slightly. mainly due to lower no load
losses. For larger ransformers it 15 100 early to conclude on the tmpact on the losses.

St moadirve n0. PO Bae 5081, Mayesiim, HA01 OSLO NCRWAY, Taephone. +67 G9675 ) +£7 22 96 56 56, Ww0 9. wwarra e
Qagnr. NO 973 205 DI MVA, Dack scosunt 7604 03 00071, Dwn narske Bank ASA 0521 Osio NORWAY. Swe ONBANOKK

Mxin OMcw | pgha | Regior | Southem Region Wexlem Region Eastam Regian
Moeutarngee 79 | Vesiw Rasten 61 | Keogers gate 14 18 Artan ] 1 Vangavelen 13
P10 Box 5091, Maprshien ' %7078 TILLER | N5 N R POBee 2126 # 0 8 PO Box 4223

N4101 0810 [ [ N300 TONEBERG 4001 FORDE N2307 HAAMR
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Side 2
NV
So far, there is no indication of a higher rate of repair, rather than replacing faudty transformers with

more energy efficient new transformers.

Please do not hesitate to contact us if vou have questions,

Yours sincerely

Mari Hegg Gundersen Kirsti Hind Fagerlund
Heai of section Senior advisor

This document is sent without signatwre. The content is approved according fo imternal routines.

Annex Input 1o the review of the Ecodesign Regulation 548/2014 - full text
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Annex
Input to the review of the Ecodesign Regulation 548/2014 — full text

Background

Norway has about 126 000 transformers in the distribution system, In addition, there are a small number
of industrial and power transformers. Estimated losses in these transformers are approximately 1.4 TWh,
Norway's electricity production in a normal year is approximately 137 TWh The transformer losses are
cquivalent to 1.02% of the clectricity production. Compared with the KL, Norway has low transformer
losses. The total trunsformer losses were approximately 93.4 TWh in the EU27 in 2008°, which
corresponds 1o 2.67% of Europe's total electricity production.

Energy efficiency gains in Norway duce to the requirements of the Regulation are estimated to be
negligible for Tier 1, and to be about 200 GWh'year (= 20%) in 2025 for Ticr 2. The gain cavsed by the
Regulation is low, and it has a low cost efficiency in a Norwegian context. One reason for the low gain
is the Norwegian regulatory regime for electncily transmission.

Since the mid-1990s, the Norwegian distribution system operators (1DSOs) and the transmission system
operator (TSO) have been regulated by a combination of direct regulations and incentive based
cconomic regulation. The direct regulations set minimum standards. In the cconomic regulation. the aim
is that the owners of the network infrastructure over time shall earn a reasonable rate of return on
invested capital given efficient operation, utilization and development of the network, The results from
benchmarking analyses are used in order to evaluate the performance of the network operators, and there
are strong incentives in the regulatory framework to choose the most cost efficient solutions over time.
More specifically for transformers, the level of network losses in different transformers is one out of
several factoss that the operators will consider, For example in the benchmarking model for local
distribution, network losses are included as one out of several cost factors. As a conscquence.
Norwegian nefwork operators are incentivized 1o choose transformers that over time have the lowest
cost level,

Results from a small survey conducted in November 2016

In connection with the preparation of input to the current review study, NVE conducted a small survey
among six Norwegian stakcholders. We received replies from three of the stakeholders (two producers
and the chairman of the Norwegian Standardization Comnuttee for transformers NK14). The questions
asked and a summary of the responses follows. Stakeholders have largely the same view of what the
impacts of Regulation 5482014 have been so far.

Q1: Ias the cost of procurement and installation of new transformers in Norway increased due to
the requirements of Tier 1?7

Answer 1: The cost of purchasing new tramsformers in Norway has increased because of the new
requirements. The three respondents estimated an increase of total costs by 15-30%, The main reason for
this increase is the need for materials of higher quality to meet Tier 1 requirements. Since there arc few
supplicrs of these materials, both the cost and delivery time has increased significantly due to higher
demand.

Regarding the large transtormers (rated over 3150 KVA), it is still too carly to say something about
developments in acquisition costs in the period afier July 2015, This is because the larger transformers

! Regulation S4872014- preamblke rumber {9}
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more oflen are tatlor-made, and has a longer delivery time. One must let the Tier 1 requirements be
present for a longer penod before it is possible to say something about developments in the cost of these
transformers.

The installation costs of transformers rated under 3150 KVA have not increased with the same rate as the
procugement costs. This is partly duc to Norwegian stakeholders having a focus on not increasing the
footprint of the transformers at the site. In gencral, the market should prepare for greater dimensions and
higher installation costs duc to demands for lower losscs. Installation costs will also increase if the
transformer room does not already have enough cooling to eliminate the heat from the load losses ina
new transformer, In many cases, it will be difficult to mstall cooling systems. The cheapest transformers

may need cooling fans with its own energy demand.
reﬂly: noted, is related to brownfield
Q2: Has the transformer losses increased or decreased because of Tier 17

Answer 2: The total losses for transformers rated below 3150 KVA have fallen slightly, mainly due to
lower no load losses. For larger transformers, it is too carly to conclude how the new requirements have
affected the losses in Norwegian transformers. Some respondents have emphasized that the PEI-
requirements are ambiguous. It is possible to construet transformers that meet PEI-requirements that
have higher total losses than transformers installed prior to July 2015, This is contrary to the regulation
intentions.

It is possible to invest in transformers with lower total loss, but then as a voluntary choice of the buyer.
not because of the PEl-requirements. Some buyers choose lower purchase costs over lower losses,
especially buyers with very limited access to capital.

reply: PE| is discussed In the stakeholder meeting
Q3: Has Regulation 5482014 resulted in a higher rate of repair, rather than replacing faulty

transformers with more energy efficient new transformers

Answer 3: There has not been observed an increase in repairs, A rule of thumb has been that the repair
costs has to be less than 60% of the cost of acquiring a new transformer, for a repair to be the best
option. This has not changed significantly after July 2015.

reply: noted
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12, ANNEXL COMMENT EDP PORTUGAL

Van Tichelen Paul

From: Fernando Ramalheira <femando ramalheira@edp pt>

Sent: vrijdag 17 maart 2017 20:45

To: Van Tichelen Paul, paul@waide co.uk, Cesar SANTOS@ec europa eu
Subject: EDP Portugal concerns regarding Transformers eco Regulation - Tier2
Dear Sirs,

About this subject EDP Distribuicdo — Partuguese DSO agrees with the philosophy that is under the eco-
design transformers regulation, and is already buying all the transformers qualified according EU
Regulation 548/2014. But, for the Tier2, we have some concerns about certain application rules to our
particular conditions in field all over the country that we want to share with you, in order to have a good
next step Regulation without create difficulties that can have an unjustified disproportionate amount of
costs to the whole Electrical Portuguese Distribution System, and we are sure is not in EU intent.

And they are:

1 - Pole Mounted Transformers Maximum Losses table 1.6 and table 1.3
Proposal: Regulation Table 1.3 must be applied also to the pole mounted transformers losses table 1.6.

Justification: the Increase of maximum loss limits for transformers with Um=36 kV on primary, affects all
type of transformers. So, to be coherent this rule must be applied also for Pole Mounted transformers,
Without this modification is possible to have a Pole Mounted transformer with a loss limit less than loss
limit of a Pad Mounted Transformer — example: 100 kVA no load loss limit 145 kW in Pole MT and
130+15%=149.5 kW in Pad MT — this seems not coherent and sure is very painful.

This is common and also recognized in prTS 50675 Cenelec document - 6.2.1 Part 2 - Notel.

EDP Network has many 36 kV pole mounted transformers in its network with many limitations on weight
and dimensions and this will have impact In all that pole mounted substations.

noted: this inconsistency will be added in Task 3

2 - Pole Mounted transformers incoherent table 1.6 losses values between each transformer -
limitations

Proposal: consider for next step, at least the pole mounted 100 kVA transformer with load loss limits Ck
instead of Bk and 250 kVA transformer with Ck Co.

Justification: EDP has 2 types of Pale Mounted Substations (AS — 50 and 100 kVA and Al - 160 and 250 kVA
pole mounted transformers) and we expect problems with such loss limits, manly in the 100 kVA and 250
kVA transformers, because they are the big ones in each type of substation.

Not like EDF, where this transition to Pad Mounted Substations is made on 160 kVA where, for this reason,
the regulation allows limits very very higher {Ck+32% and Co-10%) than in other transformers (Bk and Ao).

noted: alternative formulation compared to loss limits is added for space weight constraints are added
male Pl sceiidativrron dinm port Thahiforimaysds slteridivecle
Proposal: Regulation allows to have for Medium Power Transformers the limits by Maximum Losses or, in
alternative, by PEl calculated from the losses tabled applied.
Justification: In each distribution network the transformers have a particular load factor so, it seems more
rational that we can have also in the regulation, as alternative, the possibility to control the transformers
losses by the PEI, as it is made on Large Power Transformers.

noted: discussed in the stakeholder meeting
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The PEI table can be calculated from the losses of the tables applied for each transformer.
Then, we can balance between load losses and no load losses, in manner to have the designs near the
optimurn point of transformer normal service.

These areissues that we always had and cornmunicate to the Cornrnission during pre-publication
discussions of the Tierl Regulation 548/2014, maybe they did not get to you in time, but we consider very
important to look for thern, before have a final document.

noted: also discussed in the stakeholder meeting, see report.

Many thanks for your time.

Regards

Preparatory Study for the Review of Commission Regulation 548/2014

distribui¢do

Fernando Ramalheira

EDP DISTRIBUIGAO

DTl - Direcgdo de Tecnologia e Inovagdo
Rua Camilo Castelo Branco, 43 - 12
1050-044 Lisboa, Portugal

Tel: 4351 21002 1335

Tlm: +351 93 819 2161

Esta mensagem e os ficheiros anexas podem conterinformagio confidencial ou reservada. Se, por engano, receber esta
mensagem, solicita-se gue informe deimediato o remetente e gue elimine a mensagem e ficheiras anexos sem gs reproduair

This message and any files herewith attached may contain confidential or privileged information. If you receive this message in
errar, please notify us immediately and delete this message and any files attached without copying them in any way.

Este mensaje, asi coma los archivos anexas, pueden contener infarmacion reservada o confidencial. 5i Usted recibe este

rmensaje par error, lerogamos gueinforme de inmediato al remitente y elimine el mensaje v los ficheros anexos, sin
repraducirlos en mado alguno.
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13. ANNEX M INPUT ECI

Van Tichelen Paul

From: Roman Targosz <roman targosz@copperalliance pl>

Sent: donderdag 16 maart 2017 16:17

To: Van Tichelen Paul

Ce: paul@waide.co.uk; Cesar SANTOS®ec europa eu

Subject: Re: Announcement of 'Preparatory study for the review of Commission Regulation

548/2014 on Ecodesign requirements for small, medium and large power
transformers ' Draft report available for discussion in the stakeholder meeting

Dear Paul,
Congratulations for excellent job so far.
Some points:

1.1.2 BCZ, BC3, BCS, BCG are not very different while they are 4 out of 6 base cases. Either some more BCs
should be added or opposite: BC2/BCS, BC3/BCE are grouped? . . oo decided in Lot 2 (2011)

1.1.2.2. Big progress between T1 and T2. New classes are M0O85, MO80, MO75 (Nippon steel only) with
standard thicknesses 23 or 27 but with 0,19 or 0,16 coming on the market. With these new classes mass of
active materials can be reduced significantly and is not yet reflected in calculations (manufacturers are
rather reluctant to show these possibilities) > R: is discussed in meeting and updated as far as possible
1.1.1.1 on page 22 should rather be 1.1.2.3. May be it should also include ester o0il?>R " noted

1.5 Constraints: we are working on our own analysis for dry and oil medium power transformers, May | ask
for opportunity to present it during the meeting? >R yes done and report updated

1.10 Tier 3 — good points. Please consider no further sub category of dry type. For example ester oll may
provide similar fire resistance function as dry type. >R: noted report extended on this issue

3 Task 3: very good. Agree with 3.1.1.1. Need to secure against loopholes. 3.2, What about limit vaiue of
repair cost which imposes requirements as for new units?

>R: discussed in the meeting, it Is complex to put requirements on product repair.
Best regards Roman Targosz

From: T

Sent: Tuesday, March 07, 2017 5:43 PM

To: Yan Tichelen Paul

Ce: paul@waide couk ; Cesar SANTOS@ec europa.eu

Subject: Announcement of 'Preparatory study for the review of Commission Regulation 548/2014 on Ecodesign
requirements for small, medium and large power transformers ': Draft report avallable for discussion In the
stakeholder meeting

Dear Sir or Madam,

We are contacting you with regard to a preparatory study for the review of Commission Regulation $548/2014 on
Ecodesign requirements for transformers (https://transformers.vito.be/) to inform you that a draft report is
available for commenting and discussion in the stakeholder meeting,

It can be accessed by this

In order to enable to discuss the comments and input in the upcoming stakeholder meeting on 29" March please

sent them before 24™ March.

Of course, also written comments of those who are not able to participate in the stakeholder meeting are welcome.
1
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Note: for the upcoming stakeholder meeting CENELEC/TC 18, T&D Europe and Eurelectric {Synergrid) will be
contacted to present findings but others are also welcome to contact us,

Kind regards on behalf of the study team,
Paul Van Tichelen
g bmloncontaciliocadons,
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14. ANNEX N INPUT THYSSEN KRUPP

thyssenkrupp
Grain ofiented electrical steel Steet

Eleclical Stedd
Prepared by Régis Lemaitre — Peter Schafeld 20:20:1

ge 18

To attention of Paul Van Tichalen - Paul Waide — Cesar Santos
Subject:
Preparatory study for the review of Commission Regulation 548/2014 on Ecodesign reguirements far
transformers (hitps /Aransformers vito be/).

Thyssenkrupp Electrical Steel commerts on the dralt report available for commerting and discussion at
https:iMtranstormers vito. belsitesAransformers.vito. beftiles/attachmentsiec_dg_growth_lot2_Transtormer
V23 pdf

1- Preliminary words :

GOES Is availabie in a wide vanety of thicknesses (035, 0.30, 0.27;, 0.23 mm) of various grades In
Conventional Froduct and In High Permeabtility Product, see EN10107:2014 or IEC 60404-8B-7 These
grades are classified according to their ma:n characteristic the specific total loss ('Ps’ in Wikg).

The nominal thickness (0.35, 0 30; 0.27; 023 mm) Is a standardized value The next thinner gauge to be
Introduced In the product Standard IEC 80404-8-7 was discussed |n the |EC TCS8 committee meetings
of Year 2016. It has not been yet decided o G20 mm or 0,18 mm or both will be mtroduced withen the
next revision of the IECE0404-8.7 Standarg. (pote; GO 18 is introduced In EN10303:2015 and IEC
50404-8-8 for megium frequency applcations)

Referring to Eurcpean Stancard EN10107 the designation of the steel grade compnges the foliowing In
the arder given:

a) capital letter M for electrical steel,

b) a rumber of one hundred times the spacified value of maximum specific tofal loss at 17 T
and 50 Hz, in waits per kilogram carresponding to the nominal product thickness,

c) one hundred times the nominal thickness of the product, in millimeters
d) the characteristic letter

- S for conventional grain oriented products

- P for high permeability grain oriented products

EXAMPLE, M150-30S, Conventional grain onerted electrical steel sheet or slrip with a
maximum specific total loss at 1,7 T of 1,50 Wikg at 80 Hz and a nominal thickness of 0,30 mm,
supptied in the fully processed state:
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thyssenkrupp

2303.2017
Page 2%

Therefore in the Eurppean Final Report of ‘PREPARATORY STUDY FOR THE REVIEW OF

COMMISSION REGULATION 548/2014 ON ECODESIGN REQUIREMENTS®, we suggest to use the

correct designation for GOES grades

For exampie:
- 238 for Conventional GOES 0.23mm, so called CGO 0.23
- 23P for High permeability GOES 0.23mm, so called HGO 0.23, This category will include Magnetic
Domain Refined grades by laser scribad technology
>R: thanks, report has been updated accordingly
2 - Comments of thyssenkrupp Electrical Steel (tkES) on draft final report:
Page8 &3
HiB: High-permeabillity steel
HiB-DR: Domain Refined High-permeaoility steel

tkES does not agree to use this acronym: HIB. which is a brand name of Nippon Steel Corporation The
correct designation should be' high permeability product or the acronyms: HGO and HGO-OR (for high
permeability Domain Refined product)

>R: thanks, report has been updated accordingly
Page 19& 20
113 2 Magnetic core and tark steel material prices

The main matenals used in fransformer cores are Grain Oriented Steal (GOES) and amorphous steel
(AM), see Lot Z{20%1) As explained in Lot 2 (2011), GOES |Is =old In vanious grades (M2, M3, M4, )
which are classified according fo their losses which is related to the sheet thickrness, Cthviously, low loss
GOES with thinner sheels requires more processing and s more expensive. Also so-called mecharically
scribed steel with lower lcsses is more expensive,

It ghould be noted that & price surge inlow loss (M3) GOES, of so called GOES+, occurred in 2015 after

a pericd of price |

Commerts of tkES|

* The main material that is used in a transformer core is GOES. Amorphous material in a transformer
core represents ca. 5% worlcwide and in Europe much less percent.

e Basides the product catalogue of a non-European GOES producer, M2 M3, M4 . designations
have been used long time ago for Cenventional GOES. but have no relevart meanings. It is more
appropriate o use the words and acronyms of the European and International Standards

* Mechanically scribed steel i a technology used in Japan for specific applications and for 8 small
guantity. The HGO Magnetic Domain Refined grades are produced mostly by laser scribing
technology from many suppliers,

* As GOES+ is not defined here in the document, we assume it refers to HGO and HGO-DR,
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thyssenkrupp
25032017
Page &%

Then we propose the following text adjustment of p15-20:

*The main material used in transformer cores is Grain Oriented Elecirical Steel (GOES). Amorphous
materal stesl(AM) counts for 3 few percent. sea-bol-2020%1). As explained in EN10107 Standard iR-ket
2-{2041), GOES is sold in various grades ( Conventional grain oriented products as 238, 275, 308 and
358, and high permeability grain onented products as 23P, 27P, 30P and 35F) which are classfied
according to their maximum losses which are refated fo the sheet thickness (023, 027 030 and 035
mim) Cbwviously, low loss GOES with thinner sheets requires more processing and s more expensive.
Also so-calied HGO-DR |aser scrnibed steel with lower losses is mare expensive

It should be noted that a price surge in low loss (23F & 27P) HGO and HGO-DR or so called GOES+,
occurrad in 2015 after a period of price, "

>R: thanks, text has been updated
Page 20 Table 1-5
Comments of tkES!
At first. we strongly recommend to use the correct acronyms and words based on the product standards.
With regards ta the column “Materal” :

- M2 core steel s referring to the thickness 0.18 mm Ikely Conventional GO, this matenal is not yet a
standardized grade, it can be named 188 (or 18P if referring to high permeabdity grade).

- M3 core steel - 23S (or 23P) grades according to the meaning of the table author.

- M4 core steel - 27S (or 27P) grades according fo the meaning of the tabie author

- M6 core steel - likely 35S grades . ie Conventicnal GO 0.35

- M3 versus M6 - 23S (or 23P) versus 358

- mechancally scribed core steel. # is more appropriate to use HGO-DR laser scribed.

Secondly the prices mentioned here have been mismatched between HGO and HGO-DR and might be
CGO as well. The corfusion comes also of the addition of the coiumn MIP |

The Reguiation EU 2015/1853 introducing anti-dumping duty must be understcod as following,
according to the specific total losses Ps. MIF Is .

1- Ps =< 0.80W/ky MIP = 2043 €1
2- D90 Wikg < Ps =< 1.05 Wkg MIP = 1873 €n
3- Ps>105Wkg: MIP = 1536 €t

Category 1 is referning to HGO-DR 0.23 and HGC-DR 0.27 and partly HGO 0.23
Category 2 is refernng to HGO 0,27 and HGO 0.30 and partly HGO-OR 027
Category 3 Is refernng mainly fo any CGO grades and partly HGO 0.30

Furthermore what is the data origin of the column "Review study™? Cur understanding s that sales
prices are closed to MIP for best grades Ps =< 0.80Wikg, whereas for category 2 and 3 prices are below
MIP for several months,

R: Thanks, new table is added and prices corrected accordingly
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Page WX

Therefore we strongly recommend to improve this table 1-5 to aveed confusion

Page 21

Note however that according to our krowledge GOES M2 steel of 0.18mm thickness is ourrently only
avaiable in Japan° In Europe one manufacturer has announced they will be producing this® In view af
the pendng Teer 2 requirements but it is not yel avaifable In their catalogues For Tier 1 Rt can be
assumed that manufacturers use commondy available M3 (023 mm) or M4 (027 mm) steel. When
Inttoducing Tier 2 (in 2021) a tempotary GOES+ surge price could occur again due to productan
capacity and matket competiion limits for Tier 2 compliart steel (M2, M3, M3+domain relined)
Nevertheless intellectual property (IP) nghts should not be a bamer because amorphous stee! has
already been availabie for a long time on the market'® and patents expired’’ while also low loss GOES is
Johg time avallable' and neither any patents apply

Commerds of €S,

* The "M2 steel’ recognized as 0,18 matenal Is produced by AK Steel in USA not in Japan Ths
grades comesponds to Cgaventignal GOES for wound cores particularly developed in USA
Therefore the magnetic performance of this Conventional grade is not suitable for the demand of
Tier 2

e tkES has announced the production of HGO 018 which is part of our product catalogue and
available on demand in limited quantity Several GOES producers have already started to develop
thinrer gauge High Permeability HGO 0,20 mm andior HGO 0,18 mm For the time being, the
material is available on the market in small quantities compared to the thicker nominal thicknesses

Why?

On the one hand, steel mill manufacturing cost is higher, simply due to a lower productivity at cold
rolling mills and in cortinuous processing lines Development of thinner gauges will reduce the
production capacity and consequently the quantity soid on the market . if thera is no production
capacily increase by CAPEX.

On other the hand due to permanent process optimization, the specific total loss Ps 1s cortinuously
lowered. Particularly observed for the High Permeability grade HGO-OR 0.23, it leads te enough
available material to fulfil the demands of the transformer industry and particularly for eco-design
transformer requirements,

Beside economic optimization of the transformer industry, the new thin gauges will not be a
techrical Issue for coil siiting, for lamiration cutting with regards to distribution trarsformers. The
techrical development would fake more time for the larger power transformers particularly due to
lamination handling difficulties for stacking

To conciude, according to manufacturing / handling issue the application of thin GO-material with
thickness D18 mm s not yet In senal transformers, even GO 0,20 mm s a product in the
developing phase

* Addtioral remark about the text, . for Tier 2 compliant steel {M3.-M3. M3sdomainrsiined)  Is not
enough accurate information Only HGO-DR 0.23 having low loss Ps below 0.80 Wkgat 1.7T s
compliart stee! besides few other grades according to transformer designs and types

>R: thanks, text updated
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Pags 21

Utilibes repart little uptake of amorphous transformers or Tler 2 comp=art, or above transformers thus
far, howiever in industry there is some uplake" The explanation is that industry has sufficiertly large
technical rooms o house the higher efficiency transformers, pays a higher electricity price for their
losses and sometimes has a stronger environmental commitment in comparison fo utilities and henca is
less sensdive to CAPEX considerations

Commerts of €S,

This commert Is uncompleted with regards to amorphous transformer cores

Versus GOES, amarphous matenal is not avadable in mass production, having limied maximum strip
vodth at 213mm, hawving a lower stacking factor, led to higher care weight, led to much noisy transformer
cores, and having higher price.. In additon, there are many other environmental tems to be
considered.

- very britle material, causing specdic work safety requirements.

- generating dust and particles mixtures with oll, which can lead to dielectric issue and might reduce life
the time of the transformer or of auxiliary devices like pumps.

- handling the hazardous waste of amorphous material, and recyclability Issue.
>R: noted

Page 38837

142 Exampiles of Tier 2 compliznt products

Mast Tier 2 compliant transformers32 on the market are Amorphous Metal Transformers {AMT) As
explainad In Lot 2 they are larger and heavier due {o the limited maximum magretic flux density
(typicaily 1,2 Tesla) Their no load losses are weil below Tier 2 requirements. Due ta their typical
rectangular core cross sechon more care must be given to withstand conductor forces during short
gircuit. Thersfore the new standard EN 50588-1:2016 also introduced an additional short-circuit test for

new transformers wnth level of no load loss ‘AAAO Firal !g 5MT is_more expensive dgg to ghg amoug

Tier 2 transformers can obviously 2lso be made from Grain Oriented Electrical Steel (GOES) but today

few examples of that can be found in manufacturers catalogues One manufacturer has 8 GOES
distribution transformer in their catatogue™ with na toad losses +5 % and no load losses -5% compared
o Tier 2

tkES agrees with the comments
>R: noted

Page 41

1.6.1 Low loss GOES

Using low loss silicon steel 1s ore of the most otwious step to go from Tier 1 to Tier 2 to reduce no load
losses. see Lot 2 (2011) for technoiogy and sectien 1.1.3 2 for price and availabllity Using low loss steel
will decrease the cooling needs and therefore decrease the volume and weight of cooling systern and
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thyssenkrupp

25.03.2017

Fage 6%
transformer, .9. the cooling finns for ar cooled systems. Low loss GOES price and availability might be
the main barrier. Using low loss steel also allows to Increase the maximum magnetic flux density and
therefore the size and weight ¢of the transfarmer. In view of Tier 2 and general Interest in energy savings
research is ongong to upgrade GOES producnon plants worldwide to lower loss grades™, hence it is

1 101s Tier 3 an option?

Comments of tkES!

The magnetic performance of GOES for the purpose of energy savings is a never ending story. Over the
past decades, the specific total loss of GOES has been reduced thanks to various new technologies and
process improvements, One way is to decrease the thickness which reduces the eddy current loss

Tier 3 makes sense in midflong term, exact scheduling depending on the requirement AQ - 77%, and
according to manufacturing cost / handling issues for serial transformers of thin gauge GOES.

>R noted and Tier 3 as an option is now included, but it remains difficult to convince Eurelectric

Tief 2@s feasable
4- Task 4 on Analysis of other environmental impacts
43 Other issues

Stakehclders can bring forward topics and evidence of their significance for issues to consider in the
review of Regulation 54872014 (if any) In the stakeholder meeting an 29/3.

tkES will come up with information on REACH regulation and the reguirements for EU Electrical Steel
producers to be considered in the stakeholder meeting on 29/3/2017.

>R: done and text in the report updated

with best regards,

Cﬂv

Dr -ing, Régis Lemaitre
Head of Research & Technology
thyssenkrupp Electrical Steel
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15. ANNEX O E-DESTRIBUZIONE ITALY

G-distribuzione

E-distribuzione comments on EC Ecodesign review in progress
Introduction

Although e-distribuzione is in favor to increase the transformer efficiency in the European
countries for energy saving and CO: emissions reducing, it is essential to evidence that
some aspects will lead the main stakeholders (small and medium size industries, small
generation operators, electrical utilities) in unjustified large investments and increasing of
costs for the customers, without reaching the intended benefits.

It has to be underlined that transformers are already very efficient components, The
improving in efficiency from the design point of view is not linear and the material cost
increases exponentially if the target level of efficiency is too much ambitious. Such items
concern particularly the typology of Medium Voltage Transformers usually calied
“distribution transformers” with reference to T2 values.

Therefore a correct costs/benefits assessment is very important in order to avoid to
dissipate an amount of investments that could be used in other initiatives with higher
effectiveness in term of CO2 emission reductions.

Considerations on T2 values

1) The T2 values for Medium Power Transformers were estimated mainly on the base of
feasibility studies made by transformers manufacturers without detailed
considerations, because of the technologies fast progressing, particularly for magnetic
core material. Today it is clear that by using the same available technology, T2 values,
in comparison with T1, will require weights increasing around 50 % and consequent
dimensions increasing,

>R: noted: discussed in the meeting, not in line with T&D Europe

2) The transformers has not to be evaluated as stand-alone components, but their role in
the network and installations dimensioning, planning and operation shall be carefully
considered. In case of fault of an existing transformer, it is essential to replace it with a
new one in a short time and in the same location, with its dimension constraints,
otherwise it will not be possible to keep the present high level of quality of service to
the customers.

>R: noted: brown field text is included in the report

3) The recent technology development permits to manufacture distribution transformers
mainly with aluminum winding, giving more flexibility to the market, because
manufacturers can select the material more available {or more cost effective) on the
market (aluminum or copper). The T2 value requires for aluminum windings
technologies a large increasing of the transformer dimensions, which would probably
lead to a return to the exclusive use of copper.
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It has to be considered that the price of copper is historically unstable, while the price
of aluminum Is quite stable, The global stock of copper is more limited compared to
aluminum one, therefore when many transformer manufacturers will increase the
copper demand, there will be a risk of lack of raw materials and increase of its cost.
Meoreover, the possible exclusive use of copper in place of aluminum would lead to
much problem suffered by the users for the risk of copper thefts with consequent
related power quality problem and environmental pollution issues (this is recognized
to be an important problem in several European countries).
>R noted, the issue of copper theft is now added in the report

4) The fixed values for maximum losses prescribed for T2 require specific No Load Loss
and Load Loss set up for optimization of loading profile (0,3-0,4 pu), larger than the
ones usually used for losses evaluation of distribution transformers (0,2 pu).
This can lead to use an unjustified amount of material for conductor {aluminum or
copper}.
The use of PEI, together with proper KPE| values, would allow optimizing the
transformers in accordance to the loading expected in operation (same concept of
fixed losses, but with the possibility to use different ratio of load loss and no load loss).

>R: agreed, BC1 is 0,18 PU and the issue is now discussed including options to solve this

5} The very high levels of efficiency would require advanced technologies that could
affect small and medium transformer manufacturers presently supplying in several
European Countries.

>R noted, this is a horizontal Issue to many products and energy efficiency requirements

6) About financial/economic caonsiderations, in investments evaluations e-distribuzione
consider a WACC (Weighted Average Cost of Capital) of 5,4%, higher than the 4%
interest rate used in the losses capitalization calculations.

>R: noted, WACC Is now discussed In the report including an alternative scenario

In conclusion, the above mentioned items will lead to a considerable increase of costs not
only for the electrical utilities, but also for all the HV and MV connected customers,
including small and medium industries, that should build or renew their own electrical
installations. At the same time the proposed efficiency levels will generally increase the
energy costs for all consumers.

Therefore e-distribuzione wishes that all the possible efforts will be done to make the best
selection of proper energy performance values.

The two following annexes are attached to show general data constraints and typical
examples of installation:

Annex 1 - Transformers general data and constraints

Annex 2 - Examples of typical installations
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Annex 1 - Transformers general data and constraints

The main limits and constraints in e-distribuzione, are reported here below

L"::;'l’_v"(','," B (M) 8 B B 5
5°l:'0 l:\f:' 160 KVA 250 KvA 400 KVA 630 KVA
Rated
power'?) of (mainly 2 (mainly 2 {mainly 2 (mainly 2 (mainly 2
each winding wmdmy 3 windings windings windings windings
[MVA / MVA tumfon?nrs transformers transformers transformers transformers
YR | with same with same power | with same power | with same power | with same power
powar each) wach) each) wach) wach)
::;‘;“‘"" 50 50 50 50 50
::""’" ot 3 3 3 3 3
';'V::v’(“ﬂll" Liquid Liquid Liquid Uquid Lqud
Rated
voltage of
each winding 20 or 15 or 20 0r 15 0or 20 or 15 or 20 ar 15 or 20 or 15 or
10/042 10/042 10/042 10/042 10/042
kv / kv /
i)
Highest
voltage for
equip ¢ of eqp. eq. e, eq. e
;‘:"[x';‘;"‘,’ 24/1,1 24/1,1 24/1,1 24111 24/1,1
A |
:'m“:"‘,, Dyn11 Dyn1t Dyn11 Dyntt Dyni1
:::":’, o DETC DETC DETC DETC pETC
:::l":m ONAN ONAN ONAN ONAN ONAN
o
:a‘;“""w 4 4 (or 6) 4 (or 6) 4 (or 6} 4 {or 6)
Maximum
dimensions'”
1350x750x1600 | 1350x750X1600 1400x800x1750 | 1600x1030x1850 | 1800x1030x1850
(length x mm mm mm mm mm
width x
height) [mm]
1200 Kg for 2000 Kg for 2000 Kg for 2000 g for 2000 ¥g for
Maximum existing existing existing existng existing
weight [kg] supports installation installstion installation installation
1400 kg for 3000 kg for new 3000 kg for new 3000 kg for new 3000 kg for new
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crane using installation installation Instalfaton mstaliation
Minimum
clearance
between live NR NR NR NR NR
parts and
ground [mm]
Minimum
free distance
required
around the NR NR NR NR NR
transformer
[mm]
Please clarify To replace To replace To replace To replace To replace
the reason cransformers in transformers in transformers In transformers in transformers in
for the existng existing existing axisting existing
constraints'™ instatiation installation Installation Instaliation mstallation
and the places with the places with the paces with the places with the places with the
consequence new ones new ones naw ones new ones naw ones
of exceeding
them Notwa 1,2, 2 Note 2 and 3 Note 2 and 3 Note 2 and 2 Mote 2 and 3

Note 1:

These typologies are currently used for pole-mounted installations without the derogations given in
Regulation. The same criterias shall be verified for the 2021 values,

Note 2:

It is extremely important to manufacture these transformers with aluminum windings to avoid
problems related to copper thieves and consequently environmental poliution of the ground and
customers interruption of energy. This possibilty shall be preserve for all transformer typologies to
keep the market open, not exclusive for copper.

Note 3:

Main constraints are due to door dimension, maximum weight acceptable on the floor, support of
the pole etc.. It is extremely important to consider the existing installations, particularly in case of
transformers fault in operation, because the replacement has to be done in the shortest time to
limit the time of supply interruption to the customers.

>R: input is processed in the country overview
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Annex 2 - Examples of typical installations

In the following some examples of typical installation sites are reported for existing
installations and for the new solutions.

Typical box installation {160+630 kVA) and pole mounted installation {50+150 kVA)

Installation in box handling
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STANDARD BOX DG2061 - TR max 630 kVA

R~
1
o

SEZIONE D2 - D2
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MINIBOX DG2081 - TR max 400 kVA

170

H ool

22611
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MICROBOX PLUS DG10200 -
TR max 250 kVA

140

0.93

KT
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MICROBOX DG10197 -
TR max 250 kVA

212



16. ANNEX P NORWAY NVE INPUT

viegand
MEMO Mmaagsee
eTIeHGY [Nnple
Project: Lot 2 Ecodesign Preparatory Study for small, Wiegand Naagee AlS
medium and large power transformers, 'f'uf,“}"o';‘:f.i?;."f..’l
Stakeholder meeting 29-03-2017 Dmimatk
Topic: Input from TIL: 445 33 34 90 00
Nonwegian Water Resources and Energy Directorate (NVE) sl s s o
Date: 23-03-2017
To: Paul Van Tichelen, VITO, paul vantichelen@vito.be
Copy to: Kirsti Hind Fagerlund, NVE, khi@nve.no
Christer Heen Skotland, NVE, chsk@nve.no
From: Carsten Tonn-Petersen, Viegand Maagee A/S, ctp@viegandmaagoe dk

The Norwegian Water Resources and Energy Directorate (NVE) would like as Norwegian
stakeholders representatives to forward the following views and comments on the DRAFT
Final Report covering the Preparatory Study for the Review of Commission Regulation
548/2014:

Data Sourcing

We are pleased to see that the study has received and used data provided by NVE and Norwegian
stakeholders. Because of a very high degree of electrical heating in houses, heavy industry and
long distances compared to other countries in the EU, Norway has high electricity consumption per
capita and a large amount of transformers in use, NVE will continue to support the study with data
and other input, in order to obtain a regulation that will ensure energy savings that are both
practical and economical feasible.

>R thanks

We are pleased to see that the topics of space/weight and transportation constraints have been
given good focus (1.5-1.7) in the draft report. As stated earlier the rocky and remote geography of
Norway presents several problems regarding keeping in compliance with 548-2014 and at the
same time maintaining good economical practice, Transportation is expensive in the mountains,
and tunnels can be too narrow for larger transformers to pass. In addition o this, very often, due to
the solid rock underground, streets and buildings are difficult and expensive to alter to
accommodate more efficient and thereby often larger transformers. We therefore support the
conciusions in (1.9) and the suggested extension of the scope (3.1.3) to add minimum dimensions
and weight characteristics as seen in conjunction with other characteristics, e.g. core loss. The
idea of minimum dimensions and weight characteristics that should match transformer
manufacturer capabilities could provide a good way of managing exemption. If necessary, NVE will
contact Norwegian stakeholders/manufacturers to supply such data.

>R: noted
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PEI vs. no-load/full-load losses and possible loopholes (1.3)

Norwegian stakehoelders (some) have expressed concems about using the PEl as only measure of
transformer efficiency. We do not support a wider use of this method, and support the conclusions
in the draft report (1.3.4-1.3.5). Regarding the final statement in 1.3.5, we prefer that focus is put
on adding ratio of no-load to load losses instead of minimum load factor at PEl as a method to
avoid loopholes,

>R noted. presentation on this is within the meeting, see also other stakeholder positions.

Si tr 11

Apparently these transformers are not (widely) used in Norway, and we do not see any problems in
any of the proposals for Tier 2, as they are stated in Task 2.

>R noted

Transformers with unusual combinations of winding voltages (3.3)

Stakeholders have expressed having difficulties in determining the efficiencies of the in Norway
widely used 3-winding transformers. This is apparently mostly a matter of defining measuring
methods. We look forward to CENELECs and T&D Europe's presentations of their proposals on
the meeting 29/3, in hope that the Norwegian issues are also covered by this.

>R: noted, see CENELEC document
Pole mounted transformers

Norway uses many pole mounted transformers (often on double poles) due to recks in the ground
and the difficulty of using cables; hence most distribution is carried on masts and poles. This gives
Norway a special Interest in how the pole mounted transformers are covered In the regulation, but
only for existing installations, since new local safety-regulation only permits transformers placed on
the ground.

>R: noted and added to the text,
Other issues (4.3)

Although &t Is not proposed to consider transformer noise limits, NVE suggests that this is given a
second thought. Noise limits are part of other ECO-design regulations, and transformers with
higher efficiency and compact design are apparently prone to be noisier (This was discussed at the
Kick-off-meating). Norwegian environmental authorities (Miljedirektoratet) have reported that they
only have limited regulatory means to set limits for especially low frequency noise from
transformers.

>R: noise and potential Ecodesign regulation is discussed in Task 3
The Norwegian environmental authorities would alse like to point to the topic of SF6-gas (an other

greenhouse gasses), and the possible use of this gas in transformers with higher efficiency. We
find that this is not at present covered by the study.

>R SFB gas is discussed in Task 1 s :
At the stakeholder kick-off meeting there was a brief discussion of whether the study should cover

the emerging solid-state transformers (SST). Such transformers could very pessibly have higher
efficiency than traditional types, but at the same time there exist a possibility that other and new
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environmental impacts must be regulated. We propose that these issues should be briefly
discussed In the study

R> noted and more is added in Task 1 when discussing Tier 3
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17. ANNEX Q EU_T&D EUROPE INPUT

| —
| WiE TRANSFORNERS ‘

" T&D Europe Review
~ of Vito Draft final report

2017.03.15
- M Sacotte -&Qrope

T umwam

&w/ﬁmﬁlm mEhL 3 f
g A= o p‘“ W‘f-:.,
T&D Europe c%ntnbutlons

» Gave a position paper on the revision of the
regulation in January 2017

+ Gave data for Green field feasibility in January
2017

« Gave data for Brown field feasibility in March
2017

« Has analyzed the VITO draft final report

Eviee Wl shih WMy e
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&, ‘h.\t_ﬁm&*" s Sedl R

Vito Draft final report analysrs

« 1.1.1.10ther important transformer material
prices
- Conclusions on High Temperature insulation [Solid and
Liquid] shall be reviewed taking also into account the
global optimisation of the transformer
e 1.1. 8T PAREY current transformer commodity
prices on Tier 2 (Table 1.9)

- The CAPEX differences given for TIER 1 and TIER 2 Green
field are reasonable

- The CAPEX differences in average for TIER 2 brown field is
reasonable too but can be higher for very specific
installations

R> notod but discussed in the me-ﬁ |nd révnewod afterwards

mﬁwm/m SEER el .ﬁlﬂdr_. ‘E

EAEERRE 1=,

Green Field conclusmns
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« TIER 2 is always reachable

>R. added to the report '&D
gurope
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Brown field conclusions

R>: thanks, added to the repont
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Vito Draft final report analysis

« 1.3.4What is the risk of only specifying PEI
requirements?

- Manufacturers are not in favour to use PEl for rated power
less or equal to 3,15MVA even with limitation of K Factor
for standardisation of components reasons

2R nd d tp the
. 1.7 'BPENGaES for Tg(l"nge power transformers

- Manufacturers has not enough data today to limits K
factor(>0,25) for Large power transformers(Impact
feasibility)

- Limitation of K for PEl could create issues in case of
weights and dimensions limitation

>R: noted
TP....
-~ _— F )] v - . o =
& wiien. N e iﬁ’ﬁ iV FEees S
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Vito Draft final report analysis

« 1.8Enquiry from the Belgian grid operators on
Tier 2 transformers for brown field applications
- Belgium is very special case in EU(Double winding)
- Some other technical solutions can be studied
- Some concessions should be applied for double

windings
« 1.9Conclusion on Tier 2 for space/weight and

transportation constraints
- Before giving new exemptions manufacturers believe

that some new technologies can be

explored(Insulation, _@f::ture)
& v Wl e sRER M“

\AME'-\WF 1

Vito Draft final report analy51s

» 1.10 Is Tier 3 an option?

- A study should be done to evaluate
- The information regarding dry type vs Oil should reviewed.

- Technology neutral statements are more advisable to avoid

preventing development on existing technology
>R: text and recommendations for Tier 3 review are added to the report.

« 2 Task 2 on Consideration of minimum
requirements for single-phase transformers
- Manufacturers are able to design single phases with

reduced no load losses

>R: noted ‘@m
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_,1 \ﬁm ‘r—*ﬁ 187

Vito Draft final report analy515

« 3.1.1.1Medium power transformers for brown
field applications with space/weight constraints
relative to Tier 2

- Tier 2 shall be always the first choice.
- Tier 1 shall be the second choice

- If Tier 2 and Tier 1 are not possible transformers shall be
manufactured with magnetic steel having less than
0,77W/kg at 1,5 T and copper

>noted also the support to specific losses for excemptions

Tefeos

s R Sl s N i
ﬂ%&mrﬁ L

Vito Draft final report ana'lysus

« 3.2.1Limitations from CE marking legislation
- The repair issue should be solved to avoid cheating
situation(No loophole) .g. neted
» 4 Task 4 on Analysis of other environmental
impacts
- Clear description of which material shall be considered and
which designation...

- Documentation on the web for routines tests shall be with
restricted access to customers and market surveillance
authorities[Antitrust law]

>R: noted and text added in Task 4 to consider limited data access.

&vume Wl R8sy feow ¥
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Vito Draft final report ana’tyms

« 5.6Potential amendments to concessions for
transformers with unusual combinations of
winding voltages

- To avoid to kill new technologies manufacturers

recommend to keep TIER 1concession also for TIERZ for
Voltage regulation distribution transformers

>R: noted and text added

iRy i\ &
:ﬁ | & m y M/ﬂ”
-, } 1 . ’ !-, ¢
p— Additional remarks b

» Subject matter and scope

« improvement given in FAQ and by T&D Europe position

paper(15/05/2015) and Cenelec shall be merged to clarify
most of the exemptions.

« Market surveillance
- Shall be pushed to allow regulation to be efficient
» Efficiency for LPT <4MVA >36kV

- |Is flat in current time regulation; More appropriate value
shall be given
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18. ANNEX R FOGELBERG INPUT (SWEDEN)

This is a comment or a position to the Stakeholder meeting March 28, 2017 from
Fogelberg Consulting AB, Sweden

(I am now fully retired from ABB but has an own Company: Fogelberg Consulting AB)

Energiforsk AB, Sauden ("SE Eurelectnc/Entsos RED") has st made my Eco Design Report on
Transformers for Swedish utilities public, but in Swedish. Abstract is in English. The reportis a
handbook with racommandations at Project handiing for procurement of translormers, to write
Improved specifications for transformers where Eco Design is the major part,

e selra = |

Summary of my position:

| support fully the suggested T2 PEI values but they should for LPT be sharper, T2 values for MPT
seem to be up to date as my text and cases below will show

11 Is not evident that T2 values will give problems with waights and dimensions. Low loss Distibution
transformers, MPT, could be designed with higher cores and other vanding conductors for a better
optimization All bigger manufacturers' R&D people know that but innovative ideas are locked in by
traditional heavy winding investments. E g typical fod windings made in sxpensive machines are not
necessary and are a limit at free optimization

Most Ltilities in EU uses loss evaluations bigger than 8000- 5000 EUR/KW for Po of LPT which

give higher PE! values than T2 suggest Thers are only soma very few rare brown cases where 4 -
100 MVA units will get problems. And there are very few issuss above 100 MVA, some very few units
In undesground. T2 PEI for LPT must be increased as my data below show!

8o the logic to mention dimensions so much 5 not there. And this must be proved by VITO studies
now. Al manufacturers can show this. VITO shouid not be alone in this cntical verification phase
VITO cases are too weak

The Eco Design of ERPs has its own EC process, | suggest that the real worid with national
governmental Energy Departments giving Instructions to national Regulators must somewhere be
reflected in the VITO report | am elsborating this below

R> noted: to be discussed In the workshop. We can only work within the time frame snd data
supplied.

My view is:

1. VITO and EC should cooperate much tighter with T&D Europe and for CENELEC who know all
facts regarding interrelations between PEI, TCO- parameters and physical sizes. We are now in 2017
and not 2008 when VITO started and the market and all stakeholders were at that ime complately
unprepared for Eco Design for transformers

R> noted, we are in tight contact to receive input from T&D Europe (see stakeholder meeting)
2 The Eco Design Process for transformers should from now on integrate EC, Regulators, Utilties
and Manufacturers. This is not according 1o EC Eco Design instructionsidirectives. But the EC
Instructions don't mirror the real workd when it comes to transformers in a power nalwork with huge
capital costs. When we are coming into 2021 we are entenng into a new energy time in EU. | state
ciearly that all senous manufacturers can present data for corract decision in EC. T&D Europe and
Reguiators must play a much bigger role for this infrastructure product. It deals with the anergy
challenges in EL 2020 -2040

R> we are aware of that and in the update the issue with capital cost barrier.

3. | am not satisfied vath the review draft report. And my recommendation is 2 new round with saving
values from loss needed Power Wa talk about an ER® component which in 3 rather easy way can
save both power (MW) and energy (MWh) in an electrical network with more and more renewables.
Transformers are a yery odd bird in the ERP scheme

R>noted

4. Now Regulators (ACER) should be invited 1o all the Stakehokder's mesting. We are not any longer
tatking about bulbs or washing machines. But an energy system with 220 TWh losses where
transformers in a requlated system stand for 100 TWh.
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R> noted and CEER was Invited to the stakeholder meeting.

Some numbers to prove my bold statements:

| am just to stant up a dialogua with the SE Reguiator and Svenska Kraftnal (SE Grid) both responsibie
for the Resene of Power in the new Swedish Energy Future without nuciear power. We have 2 100%
parliament decision, Enargy commission 2030, for 2 renewable enengy future.

ONLY Wind and Water and Transmission to West South and East

My calculation of the Swedish mstalled Transformer Power s 210 000 MVA. And | have estimated
that from 10TWh losses in the network 4 TWh come from Transformers {| know the amount of MVA in
each transformer step, & g 50 000 MVA installed distribution transformaers). Such transformer
poputation cakulations can be done In all countres in one day with the night peopiel It could be g
demand from EC only. (If Sweden have 210 000 MVA we may have very roughly 4 000 000 MVA
transformer power installed in EU)

If only 3 % of this population Is replaced every year with high efficient transformers | have shown that
the extra costs for 20% less losses in more energy efficient transformers is marginal compared to the
big banefits in energy and power savings in the fulure Swedsh netwark and will have a very high
Impact on the Swedish saciety/customers. Al my numbers are supported by facts around wind
production costs and with likslihood far wind and not wind. SE nas afl statistcs

My caiculations show that the best way for & country with only wind and water enargy production =
first to make all mvestments n high efficient transformers. Then more Wing. You ¢annot replace

210 000 transformer MVA overnght But it 15 new and not taking into &ccount by the Regulator that the
high efficient transformer is a "virtual power and anergy suppler’ll (Comparad to the old ones)

The power savings in SE may be for high eflicient transformers 3 MW per year (20% less losses than
old repiaced ones) under above assumptions. 3MW loss savings is about the same as the installed 9
MW rated power for a windfarm = 12.8 MEUR value This is not in VITO's reportll The VITO review
report follows a traditional way In the Eco Design process As the VITO raport is only working with
energy prices; 0.06 EUR/KWHh | state that one must add another G 04 EUR/KWH from the Power gan
In tha new renewabie energy sauation In Europe. | have now thé privitege to bang it up in a new
Energy situation in EU. High sfficient transformers wil play an impartant role if the laws, instructions
and compensation incentves by the Regulators are changed

R> note that the report already included a CAPEX comparison with RES but the new report will
add updated reference electricity prices from the European reference scenario that includes all
this {i,0. PRIMES2040+-

High efficient transformers have & much highervalue than the Eurslecine/Entsce experts are usedto
Sirce high efficiant transformers are virtual generators, less energy, less power.

| regret the stiff atitude in EC not e suppen more eccnomics with TCO But | understand your frama
to work within.

| am sure that the only way to build 2 sustainable EU network |1s to bring in all Regulators 1o make
similar and comact incentives schemes for all utilites

The utilities must get compansation to install high efficient transformers. And thesa moneys are within
the society as | hava shown You don't need to build so much Wind power!!! The electrical network
market itself cannot regulate this We need an EC or a Government bady 10 undersiand and wite the
correct law-instructions.

| will bring up. as a suggestion to the Swedish Regulator, to promote a PE| like parameter in the norm-
vislue- cost- list for 12- 15 types of transformers with the actual costs for those high efficient
transformers to calculate the capital base (CAPEX base) fe set the tanfts/income for the utities

My view is that this is the true and best way 1o create a key-parameter for the Regulator. The PEI
concept may have a greater value for all 27 EU countnes than only a loss limit parameter to control
procurement

Today the Regulator has some standard CAPEX costs in their product lists 1o calculsts the income
frame and later approve the utility's capdal base (CAPEX) When one ublity, with need for quick profits
(there are now ubity owners with high profit demands), then kater shall buy @ new transformer his
purchaser tnes to buy as cheap as poasible, e g only with the lowest PE| And the utility capital costs
will be lower in the Profit and Balance sheet And they get the high income every year from the
approved tanffs. Because the yearly profit comes from too high tanffs (incoms) and cheap purchase
which gves lower depreciations. Losses have not been given any value from the Regulator
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| would recommend that VITO takes into account the pitfalls the Eco Design Regulaton may l=ad to if
the T2 (MEPS) values be too low for LPT In a situation where the Regulator doesn't have any
Incentives for lkwer losses. We have sean that many ulilities have usad the TCO concept where a low
or "Standard loss evaluation’ 5 used only as a "calibration’ to compare different offers where the
value of loss capitalization have been the same for all manufacturers In 8 case of 2 wrongly set T2
(MEPS] for LPT, utilities may use this new "compansaon valug” in their competitor evaluations. &An extra
candition of load facter will npt change this unwished situation The rsk is huge thal the expectation of
lower CO2 values will fail | saud ¢ several imes 1o Cesar Santos when we met 2012-2014 but it

was ignored. The pros and cons with PEI is not only a question of dimensions or heavy weights. ftisa
mueh more complex ssua if the Regulation laws behind allow for wrong decisions. Soery i need tring
up 1ss5u€s from the real workd

This time the law context must bring in the responsibility by the Regulator to set up correct incantives
to bring in high efficient transformers into the markst. Otharwise with weak PEI we will get the

contrary | request that PE| and Regulator laws (ACER) must now ke hold together from T2 and
onwards. If the VITO repon not includes and reviews ths weakness | see ths a5 a serious mistaks

| am free and cannot be rscognized as a real stakeholdzr but an expert to request that this ssue must
be included in the VITO's Revision draft repont. And then in anather chapter which is not the Standard
of Ece Design revesions blueprint. If not, this revision report = not handling the realdties in the real
world in EU today.

R> noted but for implementing TCO we are limited by the current possibilities of the
Ecodesiign regulation, but nothing stops utilities and local authorities to go beyond that and
apply ambitious TCO approaches

| understand EC In the Ego design context for transtormers that you must follow the stated road,

But very scon some of you must try to sat ancther playground with Govermments and Regulators as |
can show the huge benefits with high efficient transformers with

0.07 EUR/ KWh (this Is about the true production cost of renewable energy today in SE), taxpayer
takes the depts over another channel)

4.5 % descount rates as utilities often are private and need “decent” rents on their capital, (most
national accnomios suppornt 3 - 4 % is enough for utities, 1S a mistake to show 2% for creditatality
|ssues)

40 years of sarvice

R> see previous. The report is updated with more scenarios lllustrating the lssues, but remain
limited by the current scope of the Ecodesign Regulation.

3 MW less power in the SE network per year Is worth as much as 5 MW new Installed Wind power of
other renewables

Thes= 3 MW less losses may cost 6 -10 MEUR In extra matenal in transformers but save 26 MEUR in
enefgy losses and 13 MEUR in power losses

Such caiculations can be done in each EU country to trigger new Reguiation schamas

Today SE has about 5000 MW wind power Installed and at high peak joad weh small winds the
authorities count on 11% from this G000MW= about 800 MW If SE Reguiator give such

atrong incentives to replace 6% of all transformers per year, & MW gain, @ wil take 2034 to cover up
for 600 MW

This new thinking from my side needs now to be confirmed

You (VITO and EC} are doing the nght things according to your mstructions and current
responsitiies but should take up anaother route with governments/{Energy departments) and national
Regulators, We have time to 2021 to make the right things in a comprahensive Review report

| know there are laws guiding and managing EC but there is a future out there which needs innovative
and cormect ideas also from inside EC

You need o be a "driver” from Inside also, And | offer you an innovative support here.

You hardly find these innovative ideas in the staxehokier meetings

Pls give me e mall address 10 the leading person in CLASP who | can talk to | guess CLASP s a
part who will participate in this type of new discussion. Because it 15 valid through the whols world.
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All my numbers above are estimates and are not confirned and | cannot hoid responsibie if some
mistakes are there

R>coordinates of CLASP are availabie on the website and public sources
| am very interested to get your feedback as soon as possible

Best Regards

Thomas Fogelbery

Fogelberg Consulting AB | Independent, Swedan

225



19. ANNEXT ARMAZABAL INPUT

+ Referring to Point 1.1.3.2: Amoerphous core technology is never going to be a

solution in terms of weight or volume. The reason is the fragility of any
amorphous core that forces to build a very robust structure to support the coils
in order them to  withstand the short circuit  current,
If only one European manufacturer has expressed its intention to produce
GOES M2 steel of 0.18 mm, and the quantities they will be able to produce are
not clear yet, this doasn’t justify that TIER2 will be feasible in terms of magnetic
steel.
The reduction in losses between M2 and M3 will be much lower than the
reduction obtained between M3 and M4 or M4 and M5. This is something
known and accepted by GOES manufacturers, and will make the achievements
of TIER 2 losses much more complicated for transformers manufacturers.

>R: Noted and issues discussed in the meeting

+ Referring to Point 1.1.1.1: Trademarks, such as ABB, SLIM, ENVIROTEMP or
MIDDLE, are not acceptable to be shown in the study.

> R: Noted but we do not want to hide the sources of this public information

« Point 1.3.4 and 1.3.5, to be included as a comment at the beginning of
page 46 of the document: PEl and kPEI criterion should be appled from Tier 2
on. Many leopholes can be avoided using this.

>R: noted, thanks for supporting this proposal.

« To be included as an exception on page 45 of the document: For power
transformers less than 4 MVA but with voltages higher than 36 kV, as PEI
criterion must be applied instead of distribution losses, drives to
disproportionately large dimensions for those transformers. For example, a
33/11kV, 3150KVA transformer is considered a medium power transformer and
applies a loss table, while a 45kv and SOKVA transformer (i.e. for auxiliary
services in a substation) is considered LPT and applies PEl. That is not logic
and an exception should be considered.

>R: issue added to the report.

« Following the same rationale, it does not make sense that the PEI value for a
transformer smaller than 4 MVA at a voltage value higher than 36 k\ has more
restrictive loss demands than a same size transformer with a voltage lower than
36 kV. What we propose is a losses table similar to the ones in Tier 1 for
transformers with a size smaller than 4 MVA in voltages up to 72.5 kV, that will
avoid the exceptions to be huge and uncontrollable and also will avoid
loopheles. In another case we propose an adapted PEI table including several
steps assigning PEI levels to determinate powers from 50 to 4000 kVA.

>R: issue added to the report.
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Referred to Point 1.10: We do not agree what is argued on page 63 to allow
the second-hand market. We defend T&D Eurcpe position as quoted in the last
paragraph of mentioned page 63. It is also stated in section 3.2.2 on page 64.
R>noted

Generally speaking, dry transformers should meet the same loss
requirements as oil ones. The origin of this misleading criteria, comes from the
consideration in the standard that same denominations express different level
of losses for dry transformers than for oil enes. For TIER 2 the dry ones should
reduce the same percentage of losses with respect to TIER 1. It cannot be
privileged a dirty technology in terms of losses, and therefore efficiency. There
should be a specific paragraph within section 3 to eliminate this exception for
Tier 2.

R> thanks for the support but the issue is proposed to be shifted to Tier 3

Regarding point 3.3 about the concessions for dual ratio Transformers,
we know that some transformer manufacturers are using that concession to
take advantage of the margin in losses (10-15%) and sell dual ratio
transformers at a cheaper price than single ratio ones, even if only a single ratio
Is required. This is a trick to sell a tricky Eco-design transformer to custormers
who does not care about the losses but only the price.

R> thanks for informing us, the issue is added to the report

For point 3.4.1 on page 65, we agree not to keep exceptions for pole mounted
transformers.

R> noted

Referred to point 2: Single phase transformers is a group so reduced in terms
of number of units and installed power, that it seems not to be interesting to
reduce very much the losses. The level of TIER1 could be encugh.

In that sense, single phase transformers don't imply an extra complication in
terms of raw materials and manufacturing limitations so that they can be
produced with reduced losses easily,

R>noted
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20. ANNEX 10 CG GLOBAL INPUT

Van Tichelen Paul

From: Bram Cloet <bram.cloet@cgglobal.com>

Sent: donderdag 23 maart 2017 13:36

To: Van Tichelen Paul

Subject: RE: Announcement of 'Preparatory study for the review of Commission Regulation

548/2014 on Ecodesign requirermnents for small, medium and large power
transformers " Draft report available for discussion in the stakeholder meeting

Dear Paul,

I'm emailing you with some remarks on the report. [t may be useful in order to prepare for the meeting of next
week. The important remarks are in bold, the other are more editorial.
- Page numbers are missing
- After paragraph 1.1.3.2 the numbering restarts at 1.1.1.1, should be 1.1.3.3 | guess
- Table 1-10: The CAPEX of “BC 1 DT liquid Tier2” is 0€ in the cases where the discount rate is 0.74%. This
affects the results of “LCC total”.
- Paragraph 1.6.1: In a |ot of cases there are also sound limitations imposed, which make it not possible to
increase the induction to reduce the size. So using low loss GOES does not always lead to smaller cores.
=R: corrected and sound issue added to the text
See you next week.
Kind regards,
Bram

m ir. Bram CLOET
Team Manager Praject Engineering
Large power transfammers
CG Power Systems Belgium NV
Antwerpsesteenweg 167, B-2804 Mechekn
T:+32 15 283 218 N: +32 471 929 557

Smart solutions. W-mawggaigbaloom
SUO:’IQ refaflOﬂSthS Save the anvircnment Piesse print

From: Transformers [mailtoransformers@vito.be|

Sent: dinsdag 7 maart 2017 17:44

Te: Van Tichelen Paul <paul.vantichelen@vito.bex>

Ce: paul@waide.co.uk; Cesar. SANTOS@E ec.europa.eu

Subject: Announcement of 'Preparatory study for the review of Commission Regulation 548/2014 on Ecodesign
requirements for small, medium and large power transformers ' Draft report available for discussion in the
stakeholder meeting

Dear Sir or Madam,

We are contacting you with regard to a preparatory study for the review of Commission Regulation 548/2014 on
Ecodesign requirements for transformers (https://transformers.vito.be/} to inform you that a draft report is
available for commenting and discussion in the stakeholder meeting.

It can be accessed by this

link: hitps:/ftransformers.vito.be/sites/transformers.vito.be/files/attachments/ec rowth |ot2 Transformer V¥

22.pdf

In order to enable to discuss the comments and input in the upcoming stakeholder meeting on 29" March please
sent them before 24" March.
Of course, also written comments of those who are not able to participate in the stakeholder meeting are welcome.

1
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Note: for the upcoming stakeholder meeting CENELEC/TC 14, T&D Europe and Eurelectric {Synergrid) will be
contacted to present findings but others are also welcome to contact us,

Kind regards on behalf of the study team,

Paul Van Tichelen

man o VITD Mol bagoek!, houl sul of dan rekerng man 04l O Hootingang yoortam ookl borskboar s wanuil de momeng Dessat-Fete. rt yamal
ftdviry Mul, 2=
11 ok e S0 vt VITO af Mol e Didasas fin tha? Man miam antranos San cefy be machad coming hom Doasel Saftn ueed 00 Jonger Sondng am Mol sne

VITO Casczarmne. It Ovwasy Uns Dau st disctarnng

CG DISCLAIMER: This email contains confidential information. It is intended exclusively for the
addressees. If vou are not an addressee, you must not store, transmit or disclose its contents. Instead please
notify the sender immediately: and permanently deélete this esmnil from your computer systems. We have
taken rensonable precautions to ensure that no viruses are present, However, you must check this email and
the attachments, for viruses. We aceept no liability whatsoever, for any detriment caused by uny transmitted
virus.
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21.

ANNEX 11 EURELECTRIC COMMENT ON DRAFT

Eurelectric Commentary on VITO DRAFT Final Report on EcoDesign Tier 2

Commentary on VITO DRAFT Final Report on:

Preparatory Study for the Review of The
Commission Regulation 548/2014 on

EcoDesign Requirements for Small , Medium

and Large Power Transformers

Anthony Walsh BE, MIE, MBA, ACCA, F.IEI
Chair, Sub-Group - Distribution Network Assets, WG Standardisation

Eurelectric

Page | 1
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Eurelectric Commentary on VITO DRAFT Final Report on EcoDesign Tier 2

Introduction:

This commentary is on factual details in the calculations included in the Draft Report, and should
also be read in conjunction with the Eurelectric Response paper ‘Consultation on Tier 2 Fixed Loss
Levels on Distribution and Power Transformers implementation” March 2017,

R>noted
We have been reading your report.
Note herein:

1) we understand the concept of your comment but during noted that in the version supplied
to us there was still a calculation error when we compared it to our calculations. The
conceptual error in Table 1 where calculating the relative value of copper lasses comparing
Tier 1 tot Tier 2 because Bakx{Pk1?-Pk2?)<>Bxk?x(Pk1-Pk2)¥, This leads to an underestimate
of the added value of Tier 2.

2) We welcome the idea of TLF =0,4, it will be taken into account in the updated text.

3) Ingeneral we have added a cost scepario in line with your proposal in the review for
discussion.

Section 1.1 -1.3:

This section carries out a Life Cycle costing to establish whether the savings in energy produced by
the higher efficiency transformers actually covers their increased costs.

It doessa by :

a) establishing the energy savings in kWh per annum and then capitalises these savings using a
REAL 2% interest rate and a price of electricity between €0.0847 and €0.15/kWh.

b) Subtracting the NPV of the scrap value of the Copper in the transformer at end of life,

¢} Applying an escalation rate to the cost of electricity in Table 1.10 of between 0 and 8% pa

Unfortunately there are very significant discrepancies between what is set out in the EU Impact
assessment rules / MeeErp and what has actually been done in this Vito Draft, and these
discrepancies are very material and significantly change the results of the calculations provided,

a) ‘establishing the energy savings in kWh per annum and then capitalises these savings
using a REAL 2% interest rate and a price of electricity between €0.0847 and
€0.15/kWh.’

The EU's own Smart Regulation Guidelines " clearly indicate that a REAL Discount Rate of 4% is to be
used in any investment analysis. If inflation is to be incorporated in the analysis it is ADDED to the
REAL rate to obtain the NOMINAL Discount Rate.

' itei/leceuropa.eu/smart-regulation/guidelines/tool 54 en.him and Appendix 1
Page | 2
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Eurelectric Commentary on VITO DRAFT Final Report on EcoDesign Tier 2

‘The social discount rate is the rate most used in Impact Assessments, as these normally consider
costs and benefits together from the point of view of society as a whole (rather than from the point
of view of a single stakehalder group). The recommended social discount rate is 4%. This 4% rate is in
real terms and is epplied to costs and benefits expressed in constant prices, It con be easily odjusted
for inflation: if instead you are deoling with nomino! prices, ond inflation is, soy, 3% per annum then
a 7 % nominal social discount rate (4% rate plus 3% to aecount for inflation] would be used.”—Tool
54 of EU Smart Regulation Guidelines

However in the analysis VITO have taken the 4% REAL Sodial Discount Rate and SUBTRACTED 2%
Inflation to arrive at a Discount Rate of 2% which is then applied in the analysis,

This is completely incorrect and more than doubles the value of the losses saved, which is a very

PEEIOUS ITHSCHICUIATION ANG INAtETiaiy aitars tNE TESWILS O1 The repors,

As can be seen from the extract from the EU’s own guidelines it is clearly stated that if calculations
are to be done using nominal values then inflation (2%) is ADDED to the REAL Social Discount Rate
(4% ) to obtain a NOMINAL Social Discount Rate.

Note:

{a) In the 2arlier VITO report of lanuary 2011, the correct 4% rate is used and it is correctly
defined on p131 (lan 2011 report)

2.4.5 Interest and inflation rate

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

It would appear there was confusion between nominal and Real rates = the Nominal Rate
should have inflation subtracted to arrive at the Real 4% Discount Rate. In the current report
Nominal Rates and Real rates have been confused, hence the error.

{b} In addition, in the EU Impact Assessment Report by Prof. Almeira the full real rate of 4%
was used to capitalise losses.

{c) There is a possible lack of understanding of how discount rates are chosen as evidenced
by statement on p26 of the Draft report that a “0.74% interest rate is more realistic,’ The EU
Social Discount Rate was chosen at 4% as it corresponded to the average real yield in longer
term government debt in the EU over a long period. Using a standard rate for all EU
EcoDesign decisions also means that EcaDesign Investments are all comparable - EcoDesign
investments which yield less values for customers are not progressed and the EU citizens'
money is spent instead on those investments which yield 4% or more, It is not possible to
simply choose a lower discount rate for one EcoDesign appraisals than another —else
decision making would be inconsistent.

Accordingly the Discount Rate used in this DRAFT report is inconsistent with the EU's own
Guidelines and with both the original version of the report and the assodated Impact Assessment
Report, and the NPV calculations should be redone using the correct 4% REAL rate.

>R: discussed in the meeting, and alternative cost scenarlo is added that reflects your view and
more guidance is given to the other cost scenarios and their rationale

Page | 3
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Eurelectric Commentary on VITO DRAFT Final Report on EcoDesign Tier 2

b) Subtracting the NPV of the scrap value of the Copper in the transformer at end of life.

The treatment of the residual value of the Transformer copper is fundamentally incorrect in a
number of ways,

Firstly there is an assumption that there are no costs associated with the extra investment in copper
as most of it’s value is expected to be recovered at the end to life of the transformer i.e. (p23)
£2,810 is spent initially on copper but €2,150 is recovered at the end of life. i.e. p23 ‘Hence, investing
in a copper based transformer might be mare economic from a life cycle cost (LCC} perspective when
it’s EOL value is taken into account.

The reality in fact is the exact opposite.

The Copper - Copper transformers is being used to ensure that the transformer dimensions are
suitable for brownfield sites - it’s losses are the SAME as those of an Aluminium transformer, so
there are no extra savings made, just extra initial costs.

The extra €2,810 in cost incurred initially because Copper is used must be funded, and this funding
cost accrues each year and must be paid for — effectively it is the financing costs of the interest on
the money tied up until the copper is recovered (-this finance cost would normally be included in
the company WACC Discount rate and would not have to be specifically included in the cash flows of
a normal company investment, but is included when a Social Discount Rate is involved).

So, because a REAL Sacial Discount Rate is being used here {which excludes the cost of finance) the
cost of funding this investment must then be included in the cash flows and discounted to an NPV
Cost. If the opportunity cost of this money is say 1% per annum then this amount must be charged
each year as an extra cost. i.e. 1% x €2,810 = €28 pa or an NPV at an Annuity Factor (4%, 40 Years)
i.e. 19.78 X €28 = €554 extra cost.

Secondly, not all the initial value of the copper is recovered - Scrap copper is €4.2/kg vs €5.49 new,
50 the recovery value at end of life is €2,150, a decrease of €660,
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Original Table 1.9 {p25) REVISED Table 1.9 (p25)

BC1OT BCIDT  BC1DT BCIDT BCIDY  BC1DT

liquid liquid

Tier 1 Tier2  Brown F Tierl  Tier2  BrownF
Elactricty Cost €/kWh 00847 Q087 00847 00847 0047 0.0847
l'»wfomr Rathng (5) KVA 400 400 a0 00 a0 400
No Load Ciass AD AD-10%  AG-10% AD  AD-10W  AD-IO%
Load Class Cx Ak Ak Ck Ak Ak
Capex - Transformer € 7.824 8,978 10,402 7,824 8arm 10,403
Losses peryear KWh/yr 5,05 4,201 4,3m 5056 4301 4,301
discount rate % P 2% 2% % % %)
LCC o lectricity { capitalised) ¢/life 11,714 9,955 9,565 8475 2210 7,210
LCC Electricty LCC total {axcl Scrap @€0L) ¢ 14,534 18,243 20,368 16,29 16188 17,613
Scrap Value at EOL flife 236 X6 2,150 235 206 2150
NPV Scrap Value {incl Discount Rata) ¢ 107 a3 974 49 43 448
LCC Total (Inc Scrap at NPV) 3 19,431 16,850 19,395 16,250 16,145 17,166
Plus Finance Cost € 556.25
LCC Total Ine Scrap plus Finance Cost < 16,250 16,145 1772185
Capex Increase Tier 1/Tier 2 115% 133% 115% 133%|
Fig 1 From Table 1-9

From the above it can be seen that in the original Table 1-9 the Brownfield version has the same
losses as the Tier 2 Greenfield unit along with extra costs of about €1,425 due to the use of copper,
yet it still appears to be better value than Tier 1 by €36.

However when using 4% interest rate instead of 2% and correctly subtracting the residual value of
the transformer, it is seen that the Brownfield version costs 33% more than Tier 1 version and has no
extra savings.

The Greenfield Tier 2 version costs 15% more initially but saves €105 over the Tier 1 version - a very
small saving which is dependent on the correct pricing of the transformer and of the electricity
saved.

Thirdly, when disposing of a transformer it must be treated as Hazardous Waste due to possible
contaminants in the oil, and also because it requires to be disposed of in an environmentally friendly
way. This is a costly process, with the costs associated with the amount of material involved

So in moving from Tier 1 to Teer 2 the weight/volume also increases leading to a proportionate cost
increase in disposal which has NOT been taken into account in the above evaluation, but will be
significant in relation to the small savings involved.

>R: the approach on scrap value has been reviewed in the final report

c) Applying an escalation rate is also applied to electricity in Table 1.10 of between 0 and 8%.

The escalation rate used is applied incorrectly, but is also not sufficiently justified.

If discounting a cost derived from electricity using a REAL interest Rate, and if the ESCALATION Rate
applied to Flectricity is also a REAL Rate (i.e, a rate above inflation) then it effectively subtracts
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directly from the discount rate e.g. 4% Real Rate with Real Escalation Rate of 2% on Cash Flows, then
the net REAL Discount Rate is now 2% . {Actually (1/{r-g)){1- ((1+g}/(1+r)")

This has a very significant impact as it Doubles any savings made and can hence distort the results
significantly.

So the two questions to be addressed are as follows:

(a) Is the escalation rate applied a Nominal or A REAL Rate?
(b) How is the particular value of escalation rate chosen and justified?

As these issues are critical to the analysis it would be expected that they would be covered in depth
in the report - but this is not the case,

Coupling the use of an Escalation factor with a very low discount rate leads to absurdly high
capitalisation factors e.g. 4% Electricity Growth rate and 0.74% Real Interest rate gives a
capitalization factor of 82, and using 8% gives 225 ~ this compared to the figure of 27 which 2%
yields = nearly 10 times higher!

With these sorts of capitalization rates anything would appear justified.

The justification for the escalation rate is one single report suggesting that for Belgium in the period
between 2020 and 2030 electricity prices could rise by a factor of 2 = 3, giving an escalation rate of
8% per annum.

However in the application the 8% was applied for 40 years along with a Real discount rate of
0.74% for the same 40 years. This is just not possible!

In fact leaving aside that this is just one report for one country, it was about the Price of electricity =
of which only 30% is fuel related — the rest are capital costs, of plant , network and taxes,

The EU itself has done a report which shows that Price increase of electricity within the EU are due
to non-fuel costs such as taxes, DUOS, TUDS, Levies etc, all of which are irrelevant to justifying
Transformer Efficiency, as transformer efficiency only impacts on fuel/energy usage. The EU report
on trends in energy prices notes that the reason for rises in electricity pricas are NOT due to
increases in energy costs {which could be reduced from greater transformer effidency) but instead
to increased Network costs and Taxes.

In other words it Is incorrect to apply an escalation factor of 2% pa to the energy component of
electricity prices.

{COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN
ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGIONS Energy prices and costs in furope
2014 /* COM/2014/021 final */ )

Finally, EU Electricity prices are quoted in nominal terms so any escalation inferred from their
growth needs to be converted to real terms by removing inflation.

So this section of the report should be corrected because it is misleading, unjustified and incorrect.

>R: this section on the report has been updated and other more realistic electricity cost scenarios
are added
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P 27 Section 1.1.8Ca uirements for kWh production from EcoDesign vs RES

In this section the MARGINAL costs of Tier 2 have been compared with the AVERAGE costs of PV And
Wind Power to show that using Tier 2 is more cost effective.

It is only possible to compare like with like = i.e. the MARGINAL COSTS of Tier 2 with the MARGINAL

tllﬂ BCIOT  [8c2ind BC2 Ind nd  BC2ind

Uquid Uiquid Uquid Uquid
Terl Tiet 2 [Ter 1 Ther 2 Terl Tier 2

Transformer Rising {Se) wa axn & 1,000 1,00 1.0m 1000

No Load Losses (PY) w &0 |7 Eeli} A ™ 43

No Load Class Al A 1% A AD 1% A0 AD IO

Load Losses (PR} w 4,60 3,250 10,500 7,600 30,500 7500

Load Class Ck ay [N ax [0} Ak

Aundlary Losses {Pawe) w 0 o 0 o o

n WISM wan FIAS% sasers] swam% ¥

Load Factor (k] {=Pavg/S] mtio 0I5 a1 0l o 03 o,:

e forem factee (K1) (~FramyPavy| tic 1063 107 1006 100 1006 1.1,

| Avail stilry factee (AF) 1 | 1 1 1 1

Power Factee (PF) 0% 09 a9 o 09

Equivalent Losd Factor 018 Q :l 03 03 02 0.

Load factor@PEl (kPEL) 0306 0383 027 [ 027 Q

NG Load and aux Lossas pae yuir (RWh) Why ER7S 33001 i

Load Losses per Transformer per yoar Whty 12837 910s

Losses Peryear Wity 5085.5 43006

Transformer Life time w 40 ‘d

{interest Rate " Lc) 4

\nflation Rate % s 0%

KWh Price No Load an d Aux Losses € 0.0847 00847}

{KWh price Load losses « 0.7 s

Capwix Tramsormme ‘ s 8977

Lok bk par yo AWh/yr 3055 &3006

Dlscount Hute “ o5 |

Huecaricity Escdation Rate % % (1

W 1979 199

No Load Loss Capltaizacion Factee (A) §w 1469 1459

|Load Loss Cagitalizanrion Factoe (8] oww o4r 047

TCOA/B ato 1127 nw

Opex Electricty €y Qe E™]

LCC Bectricty fite a4y a0

IUxW|ud. SoapBEoL) itfe 16 259 16187

Load Fector 184

Extra coe of Tier 2 Trafo 1,153

Extra saviegs froem Tiar 2 Trafo 1,266

(NetSadngs 113

Revised Takle 1.1

COST of PV or Wind.

But the MARGINAL Costs of PV are then very small = simply use a more efficient panel or add an
additional panal on an existing system.

If such a comparison is to be done it should be done correctly.

Revised Table of Saving for Tier 2:

Fig 2 Revision of Table 1-1

In Fig 2 the Table in 1-1 is revised for the 400kVA and 1000kVA units commanly used by utilities,

An interest rate of 4% is applied.
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The price of electricity used for the 400kVA unit is € 0.0847/kWh and €0.1291/kWh for the 1000kVA
unit,

This is not correct as the cost of electricity for both these transformers will be the same as the
networks feeding them are identical. The reason for this discrepancy arises from ANNEX 3 of the
Impact Assessment report where the 2020 price for Domestic Customers of €0.1412/kWh had DUOS
of 40% deducted in an attempt to arrive at the cost of the energy contained, thus arriving at
£0.0871/kWh.

Industrial Customers were then taken as having costs of €0.1291/kWh but the deduction of DUOS
was forgotten. In addition the Industrial customer referred to were ones having consumption of over
S00MWhH per annum, which is many times the consumption of a 1000kVA transform. Most 1000 kVA
transformers are used by utilities to feed mixes of small scale Domestic/Commercial loads in City
Centres - larger Industrial customers {>1MVA) would use their own transformers which would be
larger in size than 1000kVA.

Accordingly the kWh price for the 1000kVA unit has been corrected to €0.087/kWh

From Tier 2 the Table assumes that the following transformer cost apply:

Tier1 Tier2 Value of Extra losses saved
400kVA 7,824 8,977 €113
1000kVA 13,567 17,277 €1,699 @37%LF; €9 @29% LF

The costs difference between Tier 1 and Tier 2 is 15% for the 40kVA and 27% for the 1000kVA unit.

Looking closely at the report it appears that these figures are actually just estimates from VITO
and that Prices for such units were not received from Manufacturers.

However Laborelec did receive ACTUAL PRICES from Manufacturers and these showed price
increases between 30% and 120%, which would make Tier 2 unaffordable.

In addition the savings are strongly dependent on the Load Factor which occurs.

>R: cost scenarios are updated. Please note that if the absolute price is lower the price increase in
% can be relatively higher (e.g. due to the importance of material content) . Hence, a relative price
in % does say little or nothing if the absolute price is unknown,

P33 PEl versus Absolute values of Losses:

The point is dlearly made that transformers maximum efficiency is at the load factor for which it is
designed. The fact that by using PEl values the associated kW losses could be different from Tier 2 is
irrelevant as long as the PEI Values maximise efficiency at the load factor e.g. using Tier 2 the Load
Factor at which maximum efficiency might occur at 31% Load Factor.

However if the actual Load Factor is 37% or 20% the Tier 2 loss ratios used are inappropriate and
result in higher losses of kWh than should be the case.

The fact that the loss levels are different from the absolute levels set in Tier 1 or Tier 2 is irrelevant.
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>R: this issue is now more elaborated in the report and a proposal added.
P34 1.3.3 Benefit of PEI:

The lowest Life Cycle costs using PE! are achieved when the Capitalization values of lron and Copper
Losses are provided with PE| value.

The statement that 'PEf does not warrant the Lowest Life cycle cost” is only correct when PEI is given
with a Load Factor, not when PE| is associated with Iron and Copper Loss Capitalization values which
not only indicate a Load Factor but also indicate the economic benefit of approaching it.

The ratio of the iron to Copper Losses indicates the ideal Load Factor for which the Transformer
should be designed to give the maximum economic value of losses reduction, but the fact that the
manufacturer has been given the separate capitalization values for both Iron and Copper Losses
means that the manufacturer can optimised the transformer design to get close to this load factor
whilst simultaneously minimising the cost of losses.

Using different prices of Load and No Load losses does not affect this optimisations and there are no
issues in optimising efficiency.

>R: noted but not agreed the economic optimum is not necessarily the lowest energy consumption
{otherwise the transformer price was irrelevant?)

P34 Use of PEl on Smaller Transformers:

Not allowing the use of PEl on small transformers but instead requiring use of absolute kW lass
levels will result in less efficient transformers because they will not be matched to the Load Factor
expected.

The statement that a cheaper transformer could be obtained by specifying a low Load Factor is
incorrect — such a transformer would actually be much more expensive .

As a case in point a 1000kVA Transformer with 1,100W Iron Loss and 8,100 W Copper loss is 20%
cheaper than a Tier 1 885W iron Loss / 11,550 W Copper Loss Transformer., Moreaver using the Tier
1 transformer means that Copper losses on the load are higher because the transformer has not
been optimised for the high load factor of the load.

With low values of Iron and Copper loses it will not be possible to optimise the design and the same
Transformer design will be used for all Load Factors in EU —mismatched to the Load Factor

everywhere.

>R: issue is now elaborated more in the report but note that manufacturers do not support this
view, e.g. economy of scale is lost in manufacturing .. (See T&D Europe point of view)

P35 PEI Data for Large Power Transformers:

Typically Large Power Transformers are designed so that they can provide standby during outages
and have capacity to accept load growth. This means that they are much larger than the actual load
they serve, so that their Transformer Load Factor will be low. At the lower end of the large Power
Transformer size the transformers are expected to carry the full load of their adjoining transformer
Iindefinitely, so that they are only loaded to about 60% of their rating.

Requiring such transformers to have low copper losses when they will be lightly loaded most of the
time will be a waste of money.
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Adding in a requirement for a minimum PE| on such transformers would require a significant amount
of analysis on transformer data, with such data not being available in the CENELEC tables =
references to optimum load factors of 0.25 - 0.7 are incorrect as these values are derived from
actual ratios of Iron and Copper losses which do not represent the actual load factor, as they are also
influenced by the transformer design ~ they are post design values.

>R: noted but in this issue other stakeholders have a different point of view and the assembly will
be reflected in the report.

P 43 Forced Cooling:

It seems to be suggested that Forced Cooling could be used to reduce transformer size for Medium
Powered Transformers, but such cooling fans are themselves users of electricity and are effectively
extra losses. However the power usage of such fans is not mentioned.

In addition, cooling only operates correctly when there is air circulation to the outside, which means
that in a compact substation extra force is required to provide such forced circulation using even
more power.

Finally, fallure of the fans such as would happen in rural areas where intakes are blocked by leaves
etc. means that the transformer will overheat (with greater losses) and is likely to fail
catastrophically. The extra cost of such fans would also make the transformer more expensive and
negate the value of the remaining losses saved.

>R: noted & proposal is added to include the losses of the fans in the case it would be needed.
P51 2.3.2 Load Losses for Single Phase Transformers

The loss values shown in Table 2-6 for 15kVA Single Phase Transformers are 48W for No Load Losses
and between 900 and 600W for Load Losses,

Actual losses of 15kVA transformers purchased in Ireland by ESB are also 48W iran Losses, but only
270W Copper losses = less than half the lowest Load Loss in the Table.

The reason why the Load Losses are so low is that they are set by the need to bring the Impedance
of the 15kVA to just 2.2% and it is not possible to do this by reducing the reactance, leaving scope to
just reduce resistance. So the Copper losses are determined by the need for a very low impedance,
not by economic constraints.

Furthermore, in order that minimum Short Circuit levels are met the size of the transformer is in
excess of it’s load = such transfarmers were typically 5kVA but were replaced systematically with
15kVA units to increase Short Circuit levels,

With typically only 1-3 customers on such rural transformers the likelihood of different loads actually
clashing and increasing the peak loading so as to produce I’R loss is low, so the loading on such
transformers also acts to minimise Copper Losses.

The loss values shown in Table 2-6 for 33kVA Single Phase Transformers are 58W for No Load Losses
and between 750 and 1100W for Load Losses.

Actual losses of 33kVA transformers purchased in Ireland by ESB are also 58W iron Losses, but only
675W Copper losses = 3 . . b

20 It Wigt 15 4 Al Va3 1lellL L.
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In relation to Capex costs for the 15kVA and 33kVA units the Capex Costs are underestimated by a
factor of over 2 i.e. they are less than half the actual purchase price.

Similar Capex ratios would also apply to the UK, although UK transformers would be more expensive
again as the market is fragmented between different DNO'S so that production runs for each are
smaller and hence costs will be higher.

>R: noted, the CAPEX estimates have been revised to take account of the impedance factors but
we do not reach the CAPEX values you are implying and cannot use these without credible data
being made available.

P54 2.3.3 No Load Losses for Single Phase Transformers

ireland has always capitalized losses in all investment decisions since before 1970, so that a
consistent approach is taken across the board to losses in Transformers, lines, cables and in overall
combinations of these components that for m the network.

Tenders are global with units bought from as far afield as USA and Xorea, but with most now coming
from a factory in Ireland. However this means that through Tenders and Capitalised losses the real
economic value of Iron losses has always been achieved.

Leaving aside the fact that Table 2-10is using a 2% discount rate and too low a Capex value for the
transformer, a simpler assessment of the scope to further reduce Iron losses is available in the
presentation made to the EU where a design with lower losses obtained by using amorphous was
costed:

__33KVA

Option | Option | Option
= A B c
a-uw 48 44 41
Guaranteed 700 | 705 | 724
Tank diam. 490 | 4830 | 490
Tank height 750 | 750 | 750
Total weight 280 | 285 | 290

Fig. 3 Impact of Lower Iron Loss on Weight and Dimensions of 15 & 33kVA Single Phase Transformers.

It can be seen from the above that a small decrease in Iron Losses requires a large increase in
weight. At say €7,500/KW Iron Loss Capitalization a reduction to 16W from 48W would save 32W
which would be worth €240 in saved losses,

However, the extra material in the Transformer would be 75kg and cost more than €240.

Part of the issue with Iron Losses on Rural Single Phase Transformers is that the Noise requirements
are very low — rural areas are quiet at night, sound travels widely and noisy transformers would be
unacceptable (- Average Sound pressure levels specified at 0.3m from transformer must not exceed
44dB).

Moreover, to reduce noise the Magnetic field must be low, which means mare Iron for the same loss
reduction as it cannot be operated at high levels of saturation without producing excessive nolise,
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This is particularly onerous on the usage on Amorphous Core transformers where the Tesla level
needs to be kept at around 1.2T, much lower than what is optimal for amorphous and much lower
that the 1.8T used in pole mounted amorphous transformers in urban areas in Asia.

>R: Noted. AMT are not specifically proposed.
P 59 2.3.4 Conclusions regarding cost effective loss reduction for single phase transformers,

The suggestion that no Load Limits would be set rather than PEl would not be in the best interests of
maximising efficiency. The reason for this is that the trajectory of electrification of heat and
transport in Ireland is as yet unknown, although the Irish Gavt is strongly in favour of it as this would
have a very significant impact on CO2 reduction.

Critical to the success of this proposal is the ability to supply such increases in electric load, and
transformer supplying such loads will have different load factors. Using PEI would allow the
optimisation of such transformers for higher load factors whereas fixing no load losses would limit
flexibility in transformers design.

Accordingly for flexibility PE! offers more scope to deal with changing load patterns in a flexible
manner.

>R: Positlon noted.

P 60 3.1.1.1 Medium Power transformers for brown field applications with space/weight
constraints relative to Tier 2

Allowing transformers to be outside Tier 2 where constraints are applicable but requiring them to
use the best Iron and Copper materials looks reasonably practical, yet manufacturers will object on
the basis that they would not want to be technologically constrained.

This issue comes up a lot in procurement and the problem can be completely avoided through use of
the correct wording:

e.g. Where o transformer is constrained due to issues of dimension or weight , these constraints shall
be set out in the Tender Specification. Where it is not possibie to meet these constraints with Tier 2 or
Tier 1 PEI levels at reasonable cost, then the rransformer may be constructed using whatever
technology is appropriate, but such that the Iron and Copper losses are equivalent (or less) to those
which would have been produced using Core loss material with a flux density of 0.xx W/kg and
Conductor of conductivity >= yy.y mOhm.mm @20C.

By allowing PEl equivalent to Tier 1 or Tier 2 there is more scope for the design to be varied and
overcome the constraints, but if this is not possible then the equivalent losses which would be
incurred using good magnetic steel and Copper should be used - the manufacturer might decide to
use poor steel at low flux density or a greater volume of conductor of lower conductivity = no
limitations impesed on the technology used.

>R: Note we are aware that manufacturers do not want to be technical constraints and that is the
reason why we do not present this for the main Tier 2 requirements and we hope that
manufacturers invest in meeting this requirements for all applications as they indicated in the
meeting. Having this technology constraints for the exceptions or the ‘backdoor’ to close any
loophole is not a limitation for innovation.
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P61 Consideration of the scope:
Requiring double poles for new pole mounted transformers will be inordinately expensive!

A pole is about €500 and about another €500 to install, which given that the transformer only costs
€1,000 would never be paid back from any marginal increase in savings achieved.

Woaorse still, the acceptability of a double pole structure is low compared to a single pole structure, so
that even for new build the householder will want it located further away, resulting in greater losses
on the Service wire.

In many instances an existing pole already exists and providing a transformer upgrade simply
involves hanging a larger transfarmer on the same pole. But is a second pole is required a suitable
position may be unable to be found beside the existing one so that the existing pole now needs to
be relocated, along with all the attachments — very expensive,

Requiring new substations/substation buildings to be larger is also not feasible ~ if the physical
substation site already exists then only similarfy sized equipment can fit on it. If it is a new substation
building in an office or apartment development the extra space is provided by the developer who
places a very high cost on every m” provided.

Imposing a requirement for a larger building simply because existing transformer technology does
not accommodate transformers which could be slightly more efficient does not makes sense, as the
extra costs greatly outweigh the extra savings.

It is also quite likely that technological improvements will overcome the problem over the coming
years which would then strand any investment made in larger substations.

>R: noted. More text Is added to explain the lock in Into single poles (the price that | had was for
an Installed pole, the pole itself cost only half {250 euro) but it can depend on the country and the
scale of the order).

P 62 Transformer Repairs:

Very Large Transformers e.g. above SMVA are worth repairing. They are difficult to replace at short
notice, they are expensive and the repairs are a small proportion of their cost. Any improvement in
losses from an upgrade is completely swamped by the extra cost.

Smaller Transformers such as are used at distribution level and vary from 15 — 1000kVA are generally
only worth repairing if the problem is something as simple as a broken bushing on a relatively new
transformer which can be easily replaced.

Utilities will never want ta buy repaired transformers from outside the utility, and would also not
want to repair their existing transformers if it involved anything more than a bushing. The reason for
this is that the cost of replacing and then installing a transformer is a multiple of the cost of the
transformer, so that to cover these costs the transformer must work reliably in situ for at least 20
years, Any possibility of failure would result in excessive costs e.g, replacement cost of transformer,
hire of generators, switching to restore supply, penalty payments for outages,

The typical response of a utility is to scrap any transformer that has any fault, and also to scrap any
older transformers that are replaced on upgrade e.g. a 30 year old transformer might have 10 years
service left = not worth the cost /risk of installing elsewhere.

>R: thanks for providing this input, text will be added.
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P6S Single Pole versus multiple pole constructions:
See comments re p61 on use of second poles.

Most utilities have to pay rent to the landowner when a double pole structure is used as it is
considered to add restrictions to land usage, It is more visually intrusive and may attract planning
permission objections, requiring it be relocated to a site further away with greater losses on the
associated circuits which are now longer.

The customers who will be most affected by this requirement will be farmers who are intensely
aware of the impact of electricity poles on their land and are likely to lobby strongly against such EU
proposals,

The Electricity price figures used in Table 3-1 are inconsistent with other prices used at €0.15/kWh as
against €0.0847/kWh elsewhere, and the discount rate at 2% is incorrect — should be 4%.

The investment analysis then carried out comparing a 270/3102W Pole mounted trafo with a lower
loss 189W/1750 transformer of same size (160kVA) is fundamentally incorrect!

In making such an investment analysis it is fundamentally incorrect to compare the total costs of
the options — only the incremental costs and saving should be compared.

e.g Investment A has a cost of €1,000 and provides savings of €1,500
Investment B has a cost of €1,300 and provides savings of €1,600

Clearly Investment B provides greater savings as well as covering it's costs, but is it a good
investment?

In Option A an investment of €1,000 gave a return of €1,500

In Dption B the investment of an extra £300 produced an extra return of only €100, so this is not
good!

In other words for €13,000 you can get 13 Investment A’s done with retumn of €19,500
For€13,000 * “ * 10InvestmentBs * " * " €16,000

So Investment B is a poor Investment as the marginal extra cost is not associated with worthwhile
marginal benefits,

Similarky, Investing an extra €962 on a more efficient transformer (plus an extra €500+ on a second
pole which is not accounted for in the analysis) i.e. a total extra of €1,462 gives a marginal saving of
€92 pa (based on €0.0847/kWh)

At 4% over 25 years this is €1,437 (=15.62 x €92) |.e. a loss of €24 but with the risk of cost averruns
e.g. erection of the second pole was not included,

So adding in a second pole will not be justified on losses basis.

>R: text has been updated. The cost sensitivity issue, which is horizontal, is further elaborated in
the updated report taking your comments into account.

A. Walsh
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APPENDIX 1

EU Smart Regulation Guidelines

http://ec.europa.eu/smart-regulation/guidelines/toal_54_en htm
TOOL #54: THE USE OF DISCOUNT RATES

2. Social discount rates and present values

A social discount rate is used to convert all costs and benefits to "present values" so that they can be
compared, This discount rate is a correction factor applied to costs and benefits expressed in
constant prices. Costs and benefits should be based on market prices in the year at which they
occur. For example, the capital cost of an investment should be recorded as a cost when the action is
undertaken, with any associated operating costs taking place in later years recorded in those years.
This appreach is in line with the economic principle of opportunity costs where market prices reflect
the best alternative uses for goods or services.

The social discount rate is the rate most used in Impact Assessments, as these normally consider
costs and benefits together from the point of view of society as a whole (rather than from the point
of view of a single stakeholder group). The recommended social discount rate is 4%. This 4% rate is
in real terms and is applied to costs and benefits expressed in constant prices. It can be easily
adjusted for inflation: if instead you are dealing with nominal prices, and inflation is, say, 3% per
annum then a 7 % nominal social discount rate {4% rate plus 3% to account for inflation) would be
used.

MEErP 2011 METHODOLOGY DRAFT REPORT 19.8.2011

Concerning energy consumption in use, the level of energy efficiency or consumption must be set
aiming at the life cycle cost minimum to end-users for representative product models, taking into
account the consequences on other environmental aspects. The life cycle cost analysis method uses
a real discount rate on the basis of data provided from the European Central Bank and a realistic
lifetime for the product; it is based on the sum of the variations in purchase price (resulting from the
variations in industrial costs} and in operating expenses, which result from the different levels of
technical improvement options, discounted over the lifetime of the representative product models
considered, The operating expenses cover primarily energy consumption and additional expenses in
other resources, such as water or detergents. A sensitivity analysis covering the relevant factors,
such as the price of energy or other resource, the cost of raw materials or production costs, discount
rates, and, where appropriate, external environmental costs, including avoided greenhouse gas
emissions, must be carried out 1o check if there are significant changes and If the overall conclusions
are reliable. The requirement will be adapted accordingly
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OMethodology?20Part%201 pdf

TASK 5/6: ECONOMICS

5 ENVIRONMENT & ECONOMICS

5.1 Product-specific inputs  Choose from the previous tasks the most appropriate information
From all tasks 1 to 4: Definition of the base case(s) (from all previous Tasks 1to 4) with per Base
Case Task 1: The most appropriate test standard for performance and consumption data Task 2:
EU-27 annual unit sales 2010 EU-27 unit stock 2010 Purchase price, the installation costs (specify
end-of-life disposal costs comprised in product price} Repair and maintenance costs  Unitary rates
far energy, water and/or other consumables Discount, inflation, interest rates to be applied
Product service life Task 3 Annual resources consumption {(energy, water, consumables, from Task
3.1) and direct emissions caused directly or indirectly during product life according to the real-life
situation (from Task 3.2); Product use&stock life, if appropriate (i.e. if deviates substantially from
product service life) As appropriate, multiplier(s) to transform standard test data to real-life
consumption data Average user demand/ load Collection rate at end-of-life (per fraction if
applicable} Taskd Product weight and Bill-of-Materials (BOM), preferably in EcoReport format (from
Task 4) Primary scrap production during sheet metal manufacturing (avg. EU);[12] Volume and
weight of the packaged product avg. EU; Selected EU scenario at end-of-life of materials flow for:
o Disposal {landfill, pyrolytic incineration ); o Thermal Recycling {non-hazardous incineration
optimised for energy recovery), o Re-use or materials recycling scenario. 5.2 Base-Case
Environmental Impact Assessment, [see Chapter 7] 5.3 Base-Case Life Cycle Costs for consumer
Combining the results from tasks 2 and 3 for the Real-Life Base-Case determine the Life Cycle Costs
LCC = PP + PWF * OE, where LCC is Life Cycle Casts, PP is the purchase price, OF is the operating
expense and PWF (Present Worth Factor} is PWF= {1 = 1/{1+ r] N }/r , in which N is the product life
and r is the discount (interestinflation) rate minus the growth rate of running cost components (e.g.
energy, water rates) 5.4 Base-Case Life Cycle Costs for society Extend the calculation of the base-
case Life Cycle Costs for the end-user with the sacietal costs for emissions indicated in Chapter 5,
using the outcome of Task 5.2 {emissions in mass per product over product life] and the monetary
values per emission {in €/unit of mass) in Chapter 5 5.5 EU Totals Aggregate the Real-Life Base-Case
environmental impact data and the Life Cycle Cost data {subtask 5.3 and 5.4) to EU-27 level, using
stock and market data from task 2, indicating 5.4.1. The life cycle environmental impact and total
LCC, both for the consumer and society, of the new products designed in 2010 or most recent year
for which there are reliable date (this relates to a period of 2010 up to 2010+product life); 5.4.2 The
annual {2010) impact of production, use and (estimated) dispasal of the product group, both in
terms of the annual environmental impacts and the annual monetary costs for consumers and
society.

6 DESIGN OPTIONS
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6.1 Options Identify and describe (aggregated clusters of) design options to be taken into account
{from Task 4, typically 4 to & design options are manageable) 6.2 Impacts [see Chapter 7]

MEErP 2011 METHODOLOGY DRAFT REPORT 19.8.2011
107

Assess quantitatively the environmental improvement per option using the EcoReport tool, Compare
the outcomes and report only on impacts that change significantly with the design options 6.3
Costs Assess/ estimate price increase due to implementation of these design options, either on the
basis of prices of products on the market and/or by applying a production cost model with sector-
specific margins, 6.4 Analysis LLCC and BAT 6.4.1 Rank the individual design options by LCC (2.8,
option 1, option 2, option 3), both for consumer and for society; 6.4.2 Determine/ estimate possible
positive or negative {‘rebound’) side effects of the individual design measures; 6.4.3 Estimate the
accumulative improvement and cost effect of implementing the ranked options simultaneously (e.g.
option 1, option 142, option 1+2+3, etc.}, also taking into account the above sideeffacts, both for
consumer and for society; 6.4.4 Rank the accumulative design options; draw LCC-curves (1st Y-axis=
LLCC, 2nd Y-axis= impact (e.g. energy), X-axis= options) both for consumer and for society; identify
the Least Life Cycle Cost (LLCC) point and the point with the Best Available Technology (BAT), both
for consumer and for society; 6.5 Long-term targets (BNAT) and systems analysis Discussion of long-
term technical potential on the basis of outcomes of applied and fundamental research, but still in
the context of the present product archetype; Discussion of long-term potential on the basis of
changes of the total system to which the present archetype product belongs: Societal transitions,
product-services substitution, dematerialisation, etc,

7.1 Life Cycle Costs

The calculation of Life Cycle Costs (LCC) is an explicit part of MEErP Tasks 5 (BaseCase) and MEErP
Task & {Design Options).

In MEErP, based on the description on Annex || of the Ecodesign directive 2009/125/£C, the LCC
analysis to end-users methad ‘uses a real discount rate on the basis of data provided from the
European Central Bank and a realistic lifetime for the ErP; it is based on the sum of the variation in
purchase price (resulting from variations in industrial costs) and in operating expenses, which result
from the different levels of technical improvement options, discounted over the lifetime of the
representative ErP. The operating expenses cover primarify energy consumption and additional
expenses in other resources {such as water or detergent),

7.1.1 Consumer Life Cycle Costs
The basic LCC formula is:

LCC = PP + PWF * OE + Eol,
where

LCC is Life Cycle Costs to end-users in €,
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PP is the purchase price (including installation costs) in €,
OEF is the annual operating expense in €
PWF (Present Worth Factorj is

PWF (Present Warth Factor) is

in which

MEErP 2011 METHODOLOGY DRAFT REPORT 19.8.2011
108

N is the product life in years and

dis the discount rate rate in %

and in case d=0 the value of PWF=N

EolL: End-of-life costs (disposal cost, recycling charge) or benefit (resale).

During the preparatory studies it became apparent that the price increase of the operating expense
plays an important role and —as argued by consultants—should be an integral part of the LCC. Asa
result it is proposed to use the following formula for PWF

where
e is the aggregated annual growth rate of the operating expense (a.k.a. ‘escalation rate’, in €} and

in case d=e {(mathematically undefined) PWF= N In US federal government publications the above
PWF is known as UPV, Uniform Present Value&s, relating to the fact that the calculation is valid for a
uniform value of growth rate e in time.

For many products the disposal-levy {'recupel’) is included in the purchase price P and the restvalue
of most product at end of life is zero (0). In case the disposal costs are to be paid at the end-oflife the
discounted Net Present Value (NPV) of the disposal costs should be added to PP. In case thereis a
rest-value of the product, then the discounted NPV of the rest-value should be deducted from PP.

In case the operating expense OF consists of several elements (e.g. energy, water, maintenance and
repairs) with different annual growth rates then the parameter e is a weighted average of these
elements. For example, if the annual operating expenses consist 90% of energy at a growth rate of
5%/a and 10% of maintenance costs at a growth rate of 2%/a, the aggregated annual growth rate e
15 0,9*5% + 0,1*2% = 4,7%.

The data in Chapter 4 on discount rate and inflation-corrected energy rate growth rates will and the
paragraph on the escalation rate of external damages has shown, that - at present - the three are
very close together. The discount rate is 4% 67. The external damages escalation rate of external
damages is around 4% and the inflation-corrected energy rate growth rate is - at the moment - also
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in the order of 3-4%. This means, for cases where repair and maintenance costs are insignificant, the
assumption of a case where r=p and thus PWF=1 would result in a negligible error.

As a result, the LCC formula for MEErP Task 5 and & the LCC can be simplified 1o
LCC= PP + N*OE + Fol

Note that this simplified formula cannot be applied if there is a significant (>1% point} difference
between discount rate r and the aggregated growth rate of the operating expense.

66 US Dept. of Commerce and National Institute of Standards and
Technology (NIST), ENERGY PRICE INDICES AND DISCOUNT FACTORS FOR LIFE-CYCLE COST ANALYSIS,
Annual Supplement to NIST Handbook 135 and NBS Special Publication 709. April 1, 2010 to March
31, 2011. Data for the Federal Methodology for Life-Cycle Cost Analysis, Title 10, CFR, Part 436,
Subpart A; and for the Energy Conservation Mandatory Performance Standards for New Federal
Residential Buildings, Title 10, CFR, Part 435, sponsored by US Dept. of Energy, Washington 2010. 67
This discount rate is the required 4% discount rate of the impact assessment guidelines of the
Commission
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22. ANNEX 12 PIRAEUS UNIVERSITY COMMENT

Van Tichelen Paul

From: Psomopoulos Constantinos <cpsomopéd puas.gr»

Sent: maandag 27 maart 2017 9:57

To: Transformers; Van Tichelen Paul

Ce: paul@waide.co.uk

Subject: A Important notification about comments received on draft ‘Preparatory study for

the review of Commission Regulation 548/2014 on Ecadesign requirements for
transformers " will be made public unless we receive an e-mail to request
confidentiality

Dear Sirs,

Please accept my apologies for the delayed responce due to some health issues.

After a carrefull read in the draft report | have the following comments :

1. The TOC has included the recycling revenues from transformers as well the prices of the basic
materials. This is very important but the addition of 2 table presenting the recycling rates of the BC
used | believe thatitis important as it will demonstrate better and more clear this important issue.
>thanks for supporting this, it is further elaborated taking into account other stakeholder comments
2. Single phase transformers exists also in Greece in rural areas to provide illumination in farming
rural areas as well as feeding of single phase well pumps used in irrigation, I will try to collect
relevant data but to my knowledge these medium voltage transformers with rated power up to S0kVA
were delivered to HENDO by Schneider Electric and were mnanufactured in the facility that this
company operates in Greece.

> this is discussed in the stakeholder meeting and was denied by Schneider Electric

3. ABB has recently present new distribution transformers dry type pole mounted installation. They
are planning to replace the commonly used oil insulated ones. The link is

https://lit bl /public/2adh0814d 3b2415abbfc18186ea642d9 /1LES100032-

ZD PoleDry%20dry-typeds20transformers EN HO.pdf

%ﬁ??e"??e’?&ﬁ‘e‘%#ﬁ%‘é' A?\ uérammar issues that will be fixed in the final version I believe.

Please also inform us about the final location and schedule of the meeting,
Sincerely yours

Dr. C.S. Psomopoulos, MIET
Professor Piraeus University of Applied Sciences (TEI Piraeus)

Constantinos S. Psomopoulos, Ph.D, MIET
Prafessor, Piraeus University of Applied Sciences
Diept. of Electrical Engineering

Director Electric Powver Division

Darector High Valtage Lok

250, Thivon & P. Ralli Ave

GR-122 44, Fgaleo, Greeee

Tel: 130 210 538 1182, 1321, 1541

Fax: =30 210 538 1321

Wieb: waow. puas.gr

E-mal : cpsomop@puas.gr , cpsomopisgmail.com
Skype : cpsanopouios

Trottter : SCS_Peomgnulos
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é Please consider the environment before printing this e-mail.

Ano: Transformers <transformers@vito.be>

TrdABnke: Nupaokeud, 24 Mapriou 2017 6:53 pp

Npog: Cesar SANTOS@ec.europa.cu; paul@waide.co uk; Van Tichelen Paul

Odpa: Important notification about comments received on draft "Preparatory study for the review of Commission
Regulation 548/2014 on Ecodesign requirements for transformers ': will be made public unless we receive an e-mail
to request confidentiality

Dear Stakeholder,

We received several comments from stakeholders on the draft report for discussion in the meeting on next
Wednesday 29/3.

Hereby we want to inform you that they will be made public, unless you explicitly request confidentiality by a
reply on this e-mail before Monday 27/3 14h CET .

Note: if they cannot be made public it is uncertain that we can discuss them and they are only considered
background infermation for the study,

Best regards,

Pt u VI

Paul Van Tichelen
W Mo gk, b
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23. ANNEX 13 IEC TC 96 COMMENT

Van Tichelen Paul

From: Hoppe, Gunda <gunda hoppe@block eu> on behalf of Reichelt, Wolfgang
<wolfgang reichelt@block.eu>

Sent: maandag 27 maart 2017 15:17

To: Transformers; Van Tichelen Paul

Ca paul@waide.co,uk; Cesar SANTOS®ec europa.ew; Lihring, Andre; Kampen, Dennis;
Winter, Dr. Rolf; Nollau {atexander.nollau@vde.com), Reichelt, Wolfgang

Subject: AW: Announcement of ‘Preparatory study for the review of Commission Regulation

548/2014 on Ecodesign requirements for small, medium and large power
transformers " Draft report available for discussion in the stakeholder meeting

Dear Mr, Van Tichelen,
concerning your emall from 7" March, we would like to send you our comments to the new proposal.

We have the existing IEC and European standard IEC 61558-1 (EN 61558) where we described the safety of
transformers, reactors, power supply units and combinations thereof . This standard belongs to the low voltage
directive and in the scope of the standard we have the following sentence:

In this standard the transformers, reactors, power supply units and combinations thereof are not forming a part of
distribution networks.

That means, that the maximum input voltage of the transformers in this standard is 1.000 Volts.

These transformers are very often built into applications for machine builders, drives or other equipment. In these
cases the machine bullder itself has to fulfil eco-design requirements like for the drive systems i.e. the EN 50598,
And the transformer is only responsible for a small part of the losses in the whole system,

For the transformer the existing volume and the costs are the most impartant factors for these kinds of applications.
Different to the distribution transformers the low voltage transformers are often not running continuously on the
grid.

Commonly for low voltage transformers non grzain oriented electrical steels (NGO} or lower grades of grain oriented
electrical steels are used. Sometimes we are mixing different core materials including nano crystalline materiel so
we cannot say what kind of electric steel we have used in our transformers.

It would result in a large price increase if amorphous cores have to be used which the customers would not pay.

Due to size requirements, transformers are often designed for forced air-cooling and aluminum windings are used
for price competition.

The condlusion is that eco-design directives for special applications for machine builders and drives and other
equipment should be adjusted in limits but not the low voltage transformer itself. It is much more intefligent to look
at the losses in a system level and not on part level,

For this, | suggest that the transformer from IEC 61558 / EN 51558 should not be pursued under the Eco-Design
Directive and be an exception.

R=> Thanks for this input on small transformers, more text added in the updated text.
Best regards

Wolfgang Reichelt
Sacretary IEC TC 96
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Chair DKE K 323

Managing Diractor
CEO

Block Transformatoren-Elektronik GmbH
Max-Planck-Strafe 36-46, 27283 Verden, Germany

Telefon 04231 678-131
Telefax 04231 678-188
wolfgang.reichelt@block.eu

www.block.eu
BLOCK - Strom In Perfektion

Von: Transformers [mailto:transformers@vito.be|

Gesendet: Dienstag, 7. Marz 2017 17:44

An: Van Tichelen Paul

Cc: paul@waide.co.uk; Cesar. SANTOS@ec,europa.eu

Betreff: Announcement of ‘Preparatory study for the review of Commission Regulation 548/2014 on Ecodesign
requirements for small, medium and large power transformers ': Draft report avallable for discussion In the
stakeholder meeting

Dear Sir or Madam,

We are contacting you with regard to a preparatory study for the review of Commission Regulation 548/2014 on
Ecodesign requirements for transformers (https://transformers.vito.be/) to inform you that a draft report is
available for commenting and discussion in the stakeholder meeting,

It can be accessed by this

link: https://transformers.vito be/sites/transformers.vito be/files/attachments/ec dg growth lot2 Transformer V
23.pdf

In order to enable to discuss the comments and input in the upcoming stakeholder meeting on 29™ March please
sent them before 24™ March.

Of course, 3lso written comments of those who are not able to participate in the stakeholder meeting are welcome.
Note: for the upcoming stakeholder meeting CENELEC/TC 14, T&D Europe and Eurelectric (Synergrid) will be
contacted to present findings but others are also welcome to contact us,

Kind regards on behalf of the study team,

Paul Van Tichelen

Mudian U VITO Mot bazoskt oo aub sr dan rekering meas dat de hootdngany veortaan snkol barskbaar s vamit de noitng Dessel Fata, ront vanmat

T yod priaen to vl VITO @t NS T pisise m that o TLRI SITIEAnCE Cun orky & nacned ning hom Cessal My urd no fonger Sormeng o Mol sus

Click here to report this email as spam.

Ambsgerict Walsrode, Sz Verden, HRGS 201923, Ust-Id-Nr | OEZA6193990, WEEL-Reg. -Nr. DL 131844682,
Voesiendar gar Gesendtsliinmng: Wollgang Reaichelt, Geschillsfiahver: Wallgang Baschwll, ¥irg Beichalt, Lido Leanbard Thwl
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VERTRAULICHKEIT : Dieses e-mail und alle angehangten Dateien sind wertraulich und pewvilegient, Soliten Sie micht als namentlicher
Empfinger aufgefiihet sein, informieren Sie unverzizglich den Absender und machen S den Inhalt nicht Kir Dritte zugdnglich, noch darf
dieser gedruckt oder fiir andere Zwecke verwendet, kopiert oder aul irgandesnam Medium gespeichert werden

CONFIDENTIAL AND PRIVILEGED: This e-mail and any attachment is for authorised use by the intended recipsert(s) only. It may contain
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24, ANNEX 14 JOHN_BJARNE SUND INPUT (S)

Transformers

From: John-Bjarme Sund <john-bja@online no>
Sent: zondag 26 maart 2017 1348

To: Transformers

Subject: Regulation review comments

Dear Paul,

| have analysed the situation regarding tightening the loophole and still keep the PEl in combination with an
additional requirement. A 80 MVA transformer is taken as an example.

Instead of load factor | use the relation Py/P, as the additional the parameter for the requirements, with a minimum
limit of 0,20. This means that the no load loss shall not be less than 20 % of the load loss.

As a consequence the ne load loss shall not be less than 16,67 % of the total losses for transformers which have PEI
as the approval criterion in the Regulation. Due to the properties of the PEI formula the permissible total losses
increase very steeply when the Po/?; fraction goes far below 0,2. See the below diagram. The curves in the diagram
reflect just the mathematical properties of the PEl formula.

Total losses versus PSP,
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If we now give ourselves the task that we shall use the PE| combined with Py/P; = 0,2 to achieve that the total loss
will be equal to the losses in the table of slide 22 of my ppt presentation, what would then the corresponding PE!
values be?

So far | have only calculated two values of PE| for the 80 MVA transformer. PEI =99,776 % for L1 1425 and PEl =
99,912 % for LI 325,

(LI means the lightning impulse test voltage level on the high voltage side of the transformer. A transformer with
400 kV rated voltage at the high voltage side is normally tested with an impulse voitage with 1425 kV top value at
the high voltage side. A transformer with 66 kV rated voltage at the high voltage side is normally tested with an
Impulse voltage with 325 kV top value at the high voltage side).

The above diagram illustrates the situation. The blue curve indicates how the total losses vary with different values
of the fraction P,/P, when PEl = 99,776 %. The green curve indicates how the total losses vary with different values
of the fraction Po/P, when PEI = 99,912 %. In the area between the blue and the green curve four more similar
curves can be inserted for the voltage levels LI450-550, LISSO, L1750 and L1950,

1
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The upper biack horizontal line indicates the total losses of 240 kW taken from the table in slide 22 with LI 1425
(The 240 kW maximum permissible total losses is of course independent of the fraction 2/P,). The lower horizontal
black line indicates the total losses 94 kW, also tzken from the table in slide 22, with LI 325. It can be noted that the
blue curve crosses the upper black horizontal line at Py/P, = 0,2. The green curve crosses the lower black horizontal
line also at Py/P, = 0,2,

The next diagram is almost the same as the foregoing dizgram. The only difference is that in this second diagram, a
red curve is inserted, representing PEI = 99,758 % as given in Tier 2 of the Regulation for 2 80 MVA transformer,

Total losses versus P /P,
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It appears from the diagram that the PEl-value given for Tier 2 in the Regulation allows higher total losses than
Indicated by the blue and espedially by the green curve,

If the next version of the Regulation still shall zpply PE! as the approval criterion, now together with the additional
requirement that the fraction Py/P, is not permitted to be less than 0,2, each loss in the table figure of slide 22 must
be replaced by a PEI figure. The loss figures of slide 22 reflect the transformers with the lowest total losses of the
pool of several hundred power transformers which are in service within the EU-region. If this level of losses shall be
kept in Tier 2, the PEl-values must be increased. The second diagram is an example which illustrates that. There will
be about 120 new minimum PEl-values to calculate. | can do that job, but | hesitate to do it before it is decided that
this is the way EU wants for Tier 2,

NOTE
If this level of losses is considered to be too ambitious, it is easy to increase the loss values a certzin agreed
percentage. The most essential issue is to establish unambiguous approval criteria.

When ‘translating’ these new PEl-values to total losses, we get naturally exactly the same values as in slide 22. One
could then ask whether this detour through the PEl has any value? Would it be better to apply the maximum total
losses directly as the permissible limits?

It is important to be aware that for example a 80 MVA transformer with 400 kV rated voltage at the high voltage
side has considerably larger physical dimensions and higher weight than a transformer with the same rated power
and 66 kV rated voltage at the high voltage side. For this reason it is necessary to distinguish between the different
levels of LI. The present Regulation, Table 1.7, has just one PEl-figure for each rated power, independent of the
voltage level, which is a weakness,

In the last paragraph on page 34 of the draft of the Preparative Study it is mentioned that minimum of P, and Py can
be used. May be the fraction of Py/P, is what really is meant here. kPEI>0,19 and kPEI>0,25 are mentioned in two
paragraphs higher up on the page. For these two values of the loading factor kPEI PP, is respectively 0,036 and

2
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0,063. At these low values of /%, the total losses are very high and much higher than we can allow (5ee the
diagrams higher up in this mail). 5o my suggestion is that we use P,/P, > 0,20 as the additional requirement together
with the increased PE| requirements. P, at rated current and reference temperature and P, have for many decades
been subject to guarantee in contracts between purchasers and suppliers. | don’t see any good reason now to break
that tradition.

So far purchasers rarely specify loading factors in their enquiries. In the former company where | was working we
tried around 40 years ago to encourage our customers to specify the expected loading profile of the transformers
they were asking for, but we were in that respect not successful. The reason was probably that the customers in
many cases had no clear ideas about how the loading would develop in the course of its time in operation, which
often can be up to 60 - 70 years. However, in cases where the purchasers specify capitalisation factors, A for no load
loss and 8 for load loss, the squarer root of B/A can give an indication of the average loading of the transformer
during its total time in operation. All purchasers do not specify capitalisation values, but buy the transformers with
the lowest purchase price and disregards the losses. With clear requirements on maximum permissible total losses,
the practice of buying transformers with the lowest purchase price and high losses will be brought to an end.

At the kick-off meeting | was prepared to show the mentioned ppt presentation, but we were running out of time,
2nd | had unfortunately to leave the meeting before its ending in order to reach my return flight. 'm prepared to
show this presentation at the stakeholder meeting on Wednesday. This time | will stay in Brussels one night more,
50 | don’t need to rush from the meeting to reach my plane.

The content of this mail is primarily meant for you, Paul. But if you think that any parts of it should be made public, |
have no objections.

Looking forward to seeing you in Brussels on Wednesday.

Kind regards
John-Bjarne

>R: this input was discussed in the stakeholder workshop (see minutes of meeting).
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ENTSOE remarks on Vito’s draft
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commission regulation 548/2014 on
ecodesign requirements for
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1. INTRODUCTION

This document summarizes the position of ENTSO-e members on the draft study prepared by Vito
in view of the revision of CE regulation 548/204 on ecodesign requirements for transformers. It
focuses only on large power transformers used in transmission systems and does not intend to
support any position on transformers of distribution size.

2. CLAUSE TO CLAUSE COMMENTS

2.1 SECTION 1
The CENELEC TC in charge of transformer is 14 and not 20.

2.2 SecTion 1.1.3.1

For large transformers, aluminium is not an efficient option and manufacturer only use copper. With
regulation 548/2014 the use of copper may increase and even if the European Commission does
not recegnize copper as a critical raw material, a high variability of copper price is experienced, An
increase in copper use may increase the copper price variability. This will force utilities to accept
price revision clauses with effect out of control. This may lead to investment budget problems which

should be taken into account.  >R: noted and more added In importance of copper price

2.3 SECTION 1.1.3.2

The core steels used are not any more referred to with the M series numbers which is related to an
American standard. For large power transformers, it is more and more common to use very thin
(0.23 and even 0.18 mm thick) magnetic steel laser scribed, which are the highest available quality
worldwide. The shift toward only top quality product may drain the market of those type of material
and induce a price increase. We recommend to use the standard designations.

>R: text on steel updated

Amorphous steel is at present not envisaged for large power transformers. Its properties can't be
used for large transformers,

2.4 SEcTiION1.1.4

Scrap value of copper in transformers as experienced now is far lower than the 4.2 €/kg given here,
because the copper to be scrapped is not readily available: the copper is embedded in windings
and covered by paper layer. Retrieving the copper in a usable form requires efforts that deprecates
the value of t. R: noted (shouid be confirmed by the copper manufacturer)

2.5 SECTION1.1.6

Even if we agree that large transformers can be built according to Tier 2, the risk of price increase
due to material cost can't be neglected in particular if the distribution market which is by far the
largest consumer of magnetic steels is forced to use the highest grades which are up to now used
in larger units only,

R: noted

e ——————

ENTIO-E smm. + Avorwm o Corfanbergh %00 « 1000 Nrussets « Belgum « Tl ¢ 32 2 741 03 50 « P 32 2 741 09 57 + icfollerison au * wwwenison o

261



g
|
:

Coraa Preparatory Study for the Review of Commission Regulation 548/2014

entso@

2.6 SECTION 1.2.1

It must be noticed that due to narrow raitway gauges, the use of rail transport is often impossible for
large units and road transport is the only option. Which may also be difficult due limitation when
crossing bridges by instance and induce extremely high transport cost which can reach up to 50%
of the transformer ex work cost (S00 k€ for a transformer of 1 M€) .

Watervays is also limited to a small number of countries and area at the European level,
>R: noted. The report should reflect the issue
2.7 SECTION 1.3.1

To avoid a loophole, the standards adopted after regulation 548/2014 have been published, have
included in the PEI the losses represented by the cooler consumption at the kPEI. EN 50 629
explains this.

If those standards are not taken into account, there is a risk of designing a transformer able to cool
itself at no load just by the tank evacuation but which will require a large amount of cooling power
as soon as currents flow. This is due to the fact that contrary to the no load losses have their
source in the core which can support quite high local temperature, load losses take place in the
winding and must be efficiently evacuated to aveid damages to the paper covering. Cooling is
required to limit the thermal gradient between winding and oil which is highly dependent on the
current flowing and on the oil speed.

This is why the standards prescribe the use of cooling losses occurring at kPEI in the calculation of
PEL =R thanks for the input. The Issue will be in Task 3 (3.1.3)

2.8 SECTION 1.3.4

Specifying a minimum kPEI of 25 % is not suitable for large transformers as the loading factor
varies from nearly zero te nearly 100% depending on the application, Full freedom for optimization
must be left to the user. Imposing a minimum kPE| will lead to higher no load losses for
transformers designed for neglectable load only. This will create an even worst loophole. The use
of a correct TCO formula takes care of this. The utilities have no interest to artificially de-optimise
their transformers.

Entso-e is therefore strongly opposed to specifying a minimum kPEL
2.9 SECTION 1.3.5 >R: noted and position added in the text.

Shifting artificially the kPE| to low values has no economic justification and utilities by using a
correct TCO formula should not be considered as cheating. Imposing a minimum kPEI! will bring on
the market less efficient transformers for their particular application,

2.10 SEcTiON 1.4.2 >R: see previous
Amorphous material have no application in the large power transformer area.

211 SECTION 1.6.1 >R we are aware of that.

The flux density is not linked to the quality of the steel, it is the effect of the optimization realized by
the transformer manufacturer between copper, steel, noise and losses, Usually using high grade
steel is done for reducing losses, not to increase operafing flux density in large power transformers.

>R: noted this practice (but for the future it might remain an option).

e ——————
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2.12 SECTION 1.6.4
As required by the standard, the cooling losses are included in the PEI calculation.

>R: added in section 3.1.3
2.13 SECTION 1.6.5
Replacing metallic clamps with nonmetallic frames may not be applicable to large power
transformers and vill transfer the losses to the other metallic parts used in the core flitch plates.

2.14 SecTiON 1.6.7 >R: noted
On site assembly as described here is the normal process for large units. On site construction is

sometimes used at very high costs to overcome transportation problems.

2.15 SECTION 1.9 >R: noted and added
We support the creation of an exemption for large units due to transport limitation. Furthermore,

due to the costs of qualification (type test including short circuit test) it must be possible to define a
generic non-compliant transformer meeting the most severe transportation constraints faced by a
utility and purchase it under a frame contract agreement. Those transformers will not be site
dedicated and may not be the highest efficient transformers that could be brought on this specific
site, but due to the number of concerned sites it will be the most economic design for a certain
number of sites. This will avoid the cost of a dedicated market for each site not within reach of tier 2

compliant units.
>R: noted & is further elaborated In the report.

2.16 SECTION

From the economic point of view, the ENTSO-e members do not see any need for any further
improvement for the energy efficiency of transformers at medium term. The progress of the raw
material are slow and the financial effort may be better employed on other energy saving fields.

>R: noted. more guidance Is added. Decision is up to the member states.

ENTSO-e reaffirms that defining a minimum kPE| for large units is counterproductive and will de-
optimize a large batch of special purpose transformers,

2.17 SECTION 2
Large single phase units are dealt with in EN 50 629. Those units make the 3 phase bank usually
mere expensive. The choice to use single phase units is not linked to any cost reduction target but

e S >R Indeed, they also exist the focus of Task 2 is on MV/LV

2.18 SecTiON 3.1.1
Entso-e supports the Cenelec document TS 50675 except the figure E.1 of annex E as it can lead
to an unnecessary restriction of transformers' repair.

>R noted and will be avaluated

e ——————
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2.19 SEecTiON 3.1.1.1

For large power transformers low losses can be achieved either by using high performance steel or
regular used in different configuration. For large power transformers, the use of a minimum core
steel quality can puzzle the optimization of the manufacturer and creates transformers that will be
unnecessary expensive or inappropriate for the specific purpose.

Concerning certificate of origin, this can create unnecessary bureaucracy without changing any of
the environmental footprint. For large power transformers, copper is always Cu ETP pure
electrolytic copper without recycled part due to the purity required to achieve low resistance copper
needed to manufacture low load losses transformers.

2.20 SECTION 3.1.1.2 o

We do support the extension of exemption for green field applications for large power transformers.
As not only for replacement but also for new installation or substation extension, transportation
issues may limit the efficiency of the transfermer.

We would like also to have this exemption not site specific but generic allowing for the definition of
a non-compliant transformer which will fit in all transport restricted area. This will allow to keep the
design and qualification cost affordable compared to a tailor made design for each substation
taking into account the particular limits of this substation. Furthermore keeping the exemption "site
specific” will be prone to introduce a bias in the fair competition between suppliers.

2.21 SECTION 3.2 >R: will be considered but might create loopholes

Repairing a transformer is in many cases the most economical and the best environmental solution.
Repair shall not be restricted and even non-compliant transformers may be subject to heavy
maintenance to extend their life expectance. Furthermore, the TSO transformer life is about 60
years and it will be damageable to scrap them before, as this could question the hypothesis that the
use phase is the predominant one in term of environmental impact. Scrapping a relatively “new”
unit is uneconomic and environmentally questionable.

2.22 SECTION 3.2.1 >R: text added, this is in line with Eurelectric

It is the understanding of ENTSO-E, like T&D Europe does, that non-compliant transformer can't be
put on the market even as second hand as the regulation applies to the vendor.

Therefore, the CE marking can't create a bophole as non CE market transformers are usually non-
compliant and will be scrapped or sold as second hand out of Eurcpe

2.23 SECTION 3.2.2 >R: according to our understanding it can be resold

TSO's have the same interpretation as T&D Europe concerning second hand transformers. Non-
compliant transformers can't be sold.

e ——————
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3. CONCLUSION

ENTSO-E considers that tier 2 is achievable for large power transformers, if exemptions because of
transport constraints shall be extended to new or extended substations, with the right to define a
generic transportable transformer which will not be exactly tailored to the substation it is devoted to,

ENTSO-E considers that limiting the right of repairing transformers could be damageable to the
industry as a whele (more costly) and to the repair shops in particular.

>R: noted

e ——————
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26. ANNEX 16 SBA COMMENT

Transformers

From: Transformers

Sent: maandag 3 april 2017 10:18

To: ‘Nico Wurzel

Ce: paul@waice co.uk; CesarSANTOS@ec europa eu; Van Tichelen Paul
{paulvantichelen@wito be)

Subject: RE: Important notification about comments received on draft 'Preparatory study for

the review of Commission Regulation 548/2014 on Ecadesign requirements for
transformers " will be made public unless we receive an e-mail to request
confidentiality

Dear Mr, Wurzel,

This has been overlooked. Please accept our apelogizes for that and | will add them to our file for processing in the
final report,

| also classified them mainly relevant for LV/LY transformers {<1,1 kV), which is outside the focus of our Study and
therefore the key points of the meeting

Related to voltage levels:

In principle we refer to Lot 2 {2011} without repeating it, details of the used voltage BC1..7 levels are in the annexes
and project report of 2011,

This means that all BC1-6 are MV, In our Review Study we will not consider LV/LV transfarmers, |.e. 8C7, and thus
review BC7 which is outside the scope.

But | take note that for the sake of better understanding and readability of the report | will add the voltage levels in
the core text of our review report

Rating plate information downscaling:

Noted.

Please see also ongoing work within CENELEC RC 14 (comments available),

Note that we are discussing medium and large power transformers, It is up to the EC to decide on this issue and this
is also refated to other products and their marking including horizontal market surveillance actions. Hence, the final
word will not come from the study.

>In the study | will 2dd z statement that ‘our recommendation is for medium and large power transformers and
therefore the area available does not provide an argument to reduce the amaunt of information. In the context of
CE label requirements its market surveillance in future also other digital sources for maintaining relevant product
Information over its long (>80 years) life time of transformers could be considered, but therefore also an in depth
technical and legal assessment will be needed which is outside the scope of this study. Nevertheless, having the
information in digital form can have some benefits for preserving and accessing information. In this scenario access
to product infarmation from competitars will 2lso be different and might involve data encryption and security. For
data storage also a solution will be needed to cope with a manufacturer bankruptoy, e.g. a public database
maintained by the EC could provide a solution.”

| hope this answers you main remarks ahead of our final update of the report.
Best regards,

Paul Van Tichelen

From: Nico Wurzel [mailto:Nico.Wurzel@sba.de]
Sent: vrijdag 31 maart 2017 15:05
To: Transformers
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Subject: AW: Important notification about comments received on draft 'Preparatory study for the review of
Commission Regulation 548/2014 on Ecodesign requirements for transformers ': will be made public unless we
receve an e-mail to request confidentiality

Dear Paul Van Tichelen,

| had sent them a statement by mail on 21.03.2017, why s this not published at the meeting or not with the email
distributed to the stakeholder

Our cooperation is here only usetul, If our comment are also presented | have not contradicted the publication

Best regards

Nico Wurze!

SBA-Trafobau Jena GmbH
Leiter Entwicklung/Konstruktion
limstrae 18

07743 Jena

Tel: +49 3541 4514298
Fax: =49 3541 451430

Mail: pico wurzel@sba de
Web www sba de

Registergericht: Handelsregister Gera, HRB 1783
Geschaftsfuhrer: Dipldng. Wolfgang Schatzler, Ripl-Ing. Matthias Leipold

Statment from 21.03.2017;
Dear Paul Van Tichelen,
from my point of view, the report contains no clear definition of the transformers (range, voltage level, ..), such as:

- BC3 and BC7 can also be low-voltage transformers according to EN 51558 {input voltage below 1000V)

- BC7 could also be an isolating transformer according to EN 61558-2-4

- to exclude misunderstandings it is helpful always to specify the voltage level in the report, especially in the tables

- the power range gives no indication of the application area; LV transformers can also lie in the MVA range

- Definition of HY, MV and LV transformers is missing

- the values are presumably based on MV-transformers or HV-transformers, this will not certainly recognise
everybody and can lead to interpretation mistakes

- our values zre certainly not considered in this report ( see PDF, email from 12.12.2016)

Alse Is no information, that transformers less than 1000V input voltage are excluded from the consideration. This
should be noted definitely with in the report,

With the last meeting in Brussels in the 9/16/2016 this was discussed because the LV-transformers are rather of
subordinated kind 2nd here also no real potential is too recognizable.

Besides, is to be considered that these transformers often are only operated with the machine, system or plant and
normally have no-load operation.

Also the marking should reconsidered. The information specifics of the substances of transformers is impractical and
not is relevant for the customers, as well as internzl know-how of the manufacturer.
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It is rather unfavourable information (Directive 548/2014 point 3. a, ¢ and d) on the rating plate, because there are
too much information, There should be sufficient in the technical documentation or in the data sheet, On the rating
plate no later looking more, but on the datasheet. The data sheet is often in digital form and therefore endless
durable. However, the rating plate is not often any more readably after some years. We have seen this often by
exchange of 2 old transformers.

For example, the statics plan of an house is not written to the facade or the weights and filling amounts of a car are
marked on 2n plate in the engine space. This infermation is always to be found in external documents. By cars such
information is not even given, so that one is made visit 3 suthorized dezler. Such information on the rating plate is
to be found with na other electric device (plastic weight and kind by a vacuum cleaner...), However, we as 3
transformer manufacturer have to go all revealing This does not function

Best regards

Nico Wurzel

Voﬁ. Tran-sfomms'
Gesendet: Freitag, 24. Marz 2017 17:53

An: Cesar SANTOS@ec europa.eu; paulfiwaide.couk; Van Tichelen Paul

Betreff: Important notification about comments received on draft 'Preparatory study for the review of Commission
Regulation 548/2014 on Ecodesign requirements for transformers ': will be made public unless we recetve an e-mall
to request confidentiality

Dear Stakeholder,

We received several comments from stakeholders on the draft repon for discussion in the meeting on next
Wednesday 29/3.

Hereby we want to inform you that they will be made public, unless you explicitly request confidentiality by a
reply on this e-mail before Monday 27/3 14h CET .

Note: if they cannot be made public it is uncertain that we can discuss them and they are only considered
background information for the study.

Best regards,

Paul Van Tu:hclen

VITE S%00 bazonkl, Boar il o din) remsrsng s il de hotilngang seorinnn websl Barsbbaat s il dn netivig Dol et ot vl
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27. ANNEX 17 EREA INPUT AFTER MEETING

[@) EREA

TRANEFOIMERS

Wijnegem 2017, April 07

To: Paul Van Tichelen, Paul Waide

Ref:

Minutes of informative stakeholder Workshop for Preparatory study for the review of Commission
Regulation 548/20114 on transformers - EC Breydel building (Ayral room), avenue d'Auderghem 45,
Brussels, 29th March 2017

Specific Comment was made related to LV/LV transformers.

It is correct, “"Small power transformers”™ are defined in Commission Regulation (EU) No 548/2014: Article
2 - Definitions:
{2} ‘Smoll power transformer’ means a power transformer with a highest voltage for equipment
not exceeding 1,1 kV
Also in Article 3 - Eco-design requirements it is repeated::
Small power transfarmers, medium power transformers and large power transformer shall meet
the eco-design requirements set out in Annex I,
But in that same document No 548/2014 where in Annex 1 - Eco Design requirements are listed, Small
power transformers are no longer ‘listed’.... See table of content at the end of this letter.

This means that no table with requirements (or even no guideline) for the “Small power transformers”

During the meeting also the terminology "Low Voltage Transformer” was used.

It was also said that these transformers have to follow the Low Voltage Directive (LD} 2014/35/€U. This is
true. But, basically, The LVD covers all health and safety risks of electrical equipment operating with a
voltage between 50 and 1000V for alternating current (AC) and between 75 and 1500V for direct current
{DC).

This LVD does not cover elements as stated in the Eco-design requirements.

Other topics addressed in the meeting related to LV/LV transformers
Based on the evolution of electrical vehicles {electrical charging) also a growth in LV/LV
transformers can be expected. Not only today these LV/LV transformers are needed (mostly in
Belgium due to local particularities with the Grid = missing Neutral}, but definitively in the near

EREA Energy Engineering BVBA

Ruggevedstaat | - 8L 2110 Wipegem — Belglum

Tal }3 355 160G

Fav+ 3233551601 RPR Antwerp - BTW/TVA/VAT BE (1543 48
@les@eres 50 - wwwarcatie BELFRUS IBANBEGE (6SB 9877 6361 — BAC GKCL
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future when Mode-4 DC Charging will be in place (DC charging requires an IT Grid which will
require a transformer}.

- LV/LV transformers are "building elements’ that are used in machines that should follow the
“Machine Directive™ and it is up to the machine manufacture 1o develop his ‘machine’ so that it
meets the requirements,

Comment:

= This argument Is valid If these are used in 2 “Machine”™ as a bullding block.

= This argument is not valid in a lot of other situations where a LV/LV transformer is
Just used as a ‘single element’ to change (transform) the voltage or to change the
Grid (IT/TN/TT). Here multiple examples can be given: elevators, industrial laundry
machines, heat pumps etc... In these cases the transformer is kept out of the "Eco-
Label’ of this application since it is not considered as an integrated part. And as
such escaping from the Eco-design rules?

- Alsoa comment was given that - referring to EUP_2009-125-EG (Eco-design requirements for
energy-related products) - Article 15- 2.

The criteria referred to In paragraph 1 are as follows:
= (a) the product shall represent a significant volume of sales and trade, indicatively
more than 200 000 units a year within the Community according to the most
recently available figures.

*  PS~—not said in the meeting: Just as an indication: we supply yearly about 50.000

pieces LV/LV transformer which do represent an installed power base of 50MVA
in total. If needed more figures can be deducted for this LV/LV market.

Conclusion:

Regarding Small power transformers or LV/LV transformer: These are defined in the regulation and
should follow the regulations but no specific figures about Eco-design requirements are listed.

In order te follow the EUP_2009-125-EG - Eco-design requirements for energy-related products
requirements should be added,

>R: thanks for the input, it will be used for the update.

Tronsicrming / since 1933

oaf
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Table Of Content

ANNEX | - Ecodesign requirements
1L.Minimum energy performance or efficlency requirements for medium power transformers
1.1 Requirements for three-phase medium power transformers with rated power s 3 150 kVA
Table 1.1: Maximum load and no-lead losses {in W) for three-phase Nquid-immersed meadium power
transformers with one winding with Um = 24 kV and the other one with Um < 1,1 kV
Table 1.2: Maximum load and no-load losses {in W) for three -phase dry-type medium power
transformers with one winding with Um < 24 kV and the other one with Um < 1,1 kV.
Table 1.3: Correction of load and no load losses in casa of other combinations of winding voltages or
dual voltage in one or both windings (rated power <3 150 kva)
1.2 Requirements for medium power transformers with rated power > 3 150 kVA
Table 1.4: Minimum Peak Efficlency Index (P£l) values for Hquid Immersed medium power
transformers
Table 1,5: Minimum Peak Efficiency Index (PE1} values for dry type medium power transformers
1.3 Requirements for medium power transformers with rated power < 3 150 kVA equipped with tapping
connections suitable for operation while being energized or on-load for voltage adaptation purposes.
Voltage Regulation Distribution Transformers are included in this category.
1.4.Requirements for medium power pole-mounted transformers
Table L.6: Maxaimum load and no-load losses {in W) for medium power liquid immersed pole-
mounted transformers
2. Minimum energy efficiency requirements for large power transformers
Table 1.7: Minimum Peak Efficiency Index requirements for liquid immersed large power transform
Table L.8: Minimum Peak Efficiency Index requirements for dry-type large power transformers
3 Product information requirements

Conclusion:

No Small power tronsformers is listed

Kind regards,
Herman Nollet.

Co-Owner EREA Energy Engineering

Transicrming / since 1933
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28. ANNEX 18 ENEDIS INPUT AFTER MEETING

ENEDIS

L'ELECTRICITE EN RESEAU

N/Rél  DT/PLZ

Objet : Minurtes of stakeholder workshop
Review of Commission Regulation 548/2012
Paris La Défense, 07 april 2017

ENEDIS have been following the developments within the framewark of Ecadesign Directive
for many years and fully supports cost- effective measures to Increase efficiency and reduce CO*
emissions.

Since 2014, Enedis proposed approach will give & balance rise for the Cammision and DSQ. Enedis apply
the Regulation tiers 1 and would like 10 continus with tiers 2 without sericas problems for DSO.

>R : noted thanks for the support
Concerning the review tiers 2 of the Commission Regulation 548/2014, the main contraints for
Distribution Transk :

1) Use the Fixed Losses proposal on the tiers 2 ;

DTs are a larger product in the factary, easy and faster for DSO 1o control the values of losses (goals are
performance and quality), same or similar design all Europeen countries | saving CO?, materials, cost)
and reseach for the futur,

DSO need to prove the performances of the network for Autarity, The campasants of the netwark are
cable [measure with losses), connecting (losses), switchgear ( losses), transformers. Alot devices from
network use the same unit than losses (W)

With PEL, for the same power transformes and differents manufactoers, same values PEL you have
diffrentes values of lasses. 1t 15 not pessible to caloulate the similar losses for each transfarmer |
Enedis buy 10 000 transformers/ year.

Enedis ls in favour of fixed losses

>R : noted and reflected in the final report

2) Single pole mounted ;

The main contraint is the weight with the existing network. When you have a fault inside the pole
mounted transformers, it is not possible 10 wait 3 long time without electricity and no possitie, to built a
second pofe ... It 53 criteria for the Autority,

>R : noted, text added and we hope to work on an appropriate solution

3) Existing network , old building ...

Apply the liste exclusions from Ts Cenelec,
Enedis agree with Ts Cenelec,

1/2

DhrwLhien do chmispse

Fde Patrimaioe ot Bbissucnee SA 8 deectobee o b cmaed] de s weltnoe

34 place des Conulem Capdtad S 270 057 000 € - B3 de Suoterrs 431 400 440

F2GTI v L e e Cosden Eneis - Toaw Eneds - 38 plyce des Conles

wrmds v Ernidiy o5t cora0E (50 14001 gavr I'srdrinre e L
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EN<DIS

ATAECTRICITE ON RESTAY
>R : noted

Concerning the review tiers 2 of the Commission Regulation 548/2014, for larger Transformers <

Enedis agree with the values PEI from Tiers 2 and the Ty document from Cenelec
Apply exclusions fram Ts Cenelec {existing bullding and transportation)

>R : noted

Appendix - Description of secondary substations

1) The single pole-mounted substation {350 000 units)

.

It Is deggned to receive the following funcions | transformer (50 ta 160 kKVA) with internal protections, external surge
arrester, low voltage protection, low voltage and medium voltage line connections. The equipment is installed on a
single pole design to carry a 550 Kg maximum load.

2) The semi-rural secondary substation (130 000 units)

The construction is optimized to be integrated in the surroundings and hast transformers ranging from 50 ta 250 kVA in
semi-rural areas. It Is designed to receive @ 250 kVA maximum transformer, a simplified MV equipment and a LV
network protection. Its casing s compact and ls pasitioned on 2 pad supporting a 1500 Kg maximum load.

3) The urban secondary substation (270 D00 units)

The size is bigger and can host @ 1000 kVA maximum load, MV protection and operation equipment and LV protection
All electrical functions are positoned on a pad supporting a 2500 kg maximum foad,

4) The primary substations (2200 units)
ENEDIS operates 2200 primary substations ; 450 of them are located In densely populated urban areas (Paris, Lyon,
Marsellle). In urban areas, primary substatlons are optimally designed in order 1o be Integrated In bulldings in above
ground or underground locations. In any of the urban 450 exlisting primary substations, In case of a fault, It would be
imposgble 10 take care of It because of 2 ladk of space in the construction.
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29. ANNEX 19 THYSSEN KRUPP AFTER MEETING

thyssenkrupp
Grain orierded efectrical steel Stewl

Eloctrizal Sted
Prepared by Régs Lemaitre — Peter Schafeid 24.04.2017

Page 12
To attention of Cesar Santos - Paul Van Tichelen
Subject:
Preparatory study for the review of Commission Regulation 548/2014 on Ecodesign requirements for
transformers.

Comments on the draft final report of Vito page 68-69:
4- Task 4 on Analysss of other environmental impacts
4.3 Other ssues

As a reminder .

- The surface of GOES sheet is electrically Insulated by a coating. The Insulation coaling process s
based on a liguid sotution made of varicus components, usually and basically, phosphate of aluminum
or of magnesium, of colioidai silica and of @ chromium substance, as chromic acid or as chromium
tricxide.

- About REACH an EU regulation: the regulation No 348/2013 of April 2013 amending Annex XIV of
1907 /2006 Regulation has introduced the ban of the harmful chromium substances (e g chromic acid or
chramium trioxide) in Europe as of 21.09 2017

As consequences.

the Ewropean GOES producers have te comply with REACH and therefore have developed insulation
coating without Cr{\V1) harmful companents in their manufacturing process. This has been achieved
thanks 1o R&D expenses and thanks to capital investment In coating equpment and with additional
process costs,

The pan-European GOES producers have not to comply with REACH which leads to an unfair technical
competition
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thyssenkrupp
U.042017
Prge 2/2

Therefore thyssenkrupp Elecincal Steel requires i ‘chromium’” i i fi of Vita

atthechapler4 -8 4 on Analysis of oth

We propese you the follovang text

' GOES sheefs used in ransformer cores have an insulation coating which is produced by 3 coating
manufachuring process camplying with the European regulation No 3482013 of Apnil 2013 amending
Annex X1V of 1907/2006 Reguiation REACH

In such a complying coating manufactunng procass none harmifu! chramium substancss are usad, as
chromium tnoxxde or 35 acids genarated fram chromium tnoxide and their oligomers e g chromic acid.

A REACH complying coating manufacturing certificate has lo be deliverad with GOES malarial used
within Eco-desigh ransformer of Reguiation 548/2014.7

>R: thanks for the input, text updated accordingly
Thark yeu for your urderstanding

with bast regards,

’_ﬁ?

Dr-ing. Régs Lemalire
Head of Research & Technology
thyssenkrupp Electrical Steel
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30. ANNEX 20 ORMAZABAL AFTER MEETING

PREPARATORY STUDY FOR THE REVIEW OF COMMISSUON REGULATION

54812014 ON TRANSFORMERS

» Referring to Point 1.1,3.2: Amorphous core technolegy is never going to be a
solution in terms of weight or volume. The reason is the fragility of any
amorphous core that forces to build a very robust structure to support the coils
in order them to withstand the shert circuit current.

If only one European manufacturer has expressed its intention to produce
GOES M2 steel of 0.18 mm, and the quantities they will be able to produce are
not clear yet, this doesn't justify that TIER2 will be feasible in terms of magnetic
steel.
The raduction in losses between M2 and M3 will be much lower than the
reduction obtained between M3 and M4 or M4 and M5, This is something
known and accepted by GOES manufacturers, and will make the achieverments
of TIER 2 losses much more complicated for transformers manufacturers.

>R: noted (see your previous document)

+ Point 1.3.4 and 1.3.5, to be included as a comment at the beginning of
page 46 of the document: PE| and kPEI criterion should be applied from Tier 2
on. Many loopholes can be avoided using this.

>R: Thanks. Recommendation is kept despite critics from several stakeholders

» To beincluded on page 45 of the document: For power transformers less
than 4 MVVA but with voltages higher than 36 kV, as PEI criterion must be
applied instead of distribution losses, drives to disproportionately large
dimensions for those transformers. For example, a 33/11kV, 3150KVA
transformer is considered a medium power transformer and applies a loss table,
while a 45kv and SOKVA transformer (i.e. for auxiliary services in a substation)
is considered LPT and applies PEl. That is not logic and a change on this
should be considered.

Following the same rationale, it does not make sense is that the PEI value for a
transformer smaller than 4 MVA at a voltage value higher than 36 kV has more
restrictive loss demands than a same size transformer with a voltage lower than
36 kV. What we propose is a losses table similar to the ones in Tier 1 for
transformers with a size smaller than 4 MVA in voltages up to 72.5 kV, that will
awoid the exceptions to be huge and uncontroliable and also will aveid
loopholes. If that is not possible, as a second possibility could be an adapted
PEI table including several steps assigning PEl levels to determinate powers
from 50 to 4000 kVA.
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97,742
98,584 98,891
98,867 99,093

25 98,251
50
100
160 99012 99,191
250
315
400

99,112 99,283
99,154 99,320
99,209 99,369

500 99,247 99,398
630 99,295 99,437
800 99,343 99,473

|
‘l 1000 99,360 99,484
| 1250 99,418 99,487
| 1600 99,424 99,494
[ 2000 99,425 99,502
2500 99,442 99,514
3150 99,445 99,518

This table has already been proposed to Cenelec as an annex for EN
50629:2015.
>R also this table is added

* Generally speaking, dry transformers should meet the same loss
requirements as oil ones. The origin of this misleading criteria, comes from the
consideration in the standard that same denominations express different level
of losses for dry transformers than for oil ones. For TIER 2 the dry ones should
reduce their losses and equal the levels of the oil ones. It cannot be privileged a
dirty technology in terms of losses, and therefore efficiency. There should be a
specific paragraph within section 3 to eliminate this exception for Tier 2.

Both technologies (eil type and dry type) have the same outcome, they both do
the same work and they are defined exactly the same on IEC 60076.

A transformer should be consider as a "black box" with one duty, it makes no
sense to privilege one technology from another, and it should also be noted that
dry type transformers:

- Have worse noise pollution: the enclosure, the dielectric liquid
insulation and a less induction, contributes to reduce noise in cil type
transformers,

- Need more installation space, a major security perimeter is required
due to the active voltage components.

- Have worse response to overloads.

- They are more difficult to be installed outdoors: require complex
enclosures with extra refrigeration systems which consume more
resources.
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- Their components (specially the conductors embedded in epoxy
resin) are more difficult to be recycled, so the environmental impact
is higher.

Also it should be noted that dry type transformer manufacturers are already
using amorphous cores and achieving the ol transformer losses without any
difficulty.

Regarding POt S5 Aboul the concesaIons Tor dual ToHo Translormers, >
we know that some transformer manufacturers are using that concession to
take advantage of the margin in losses (10-15%) and sell dual ratio
transformers at a cheaper price than single ratio ones, even if only a single ratio
is required. This is a trick to sell a tricky Eco-design transformer to customers
who does not care about the losses but only the price.
The technology developed in eco-design transformers at this moment perfectly
allow to manufacture dual ratio transformers without using this margin,

>R added to the text :
For point 3.4.1 on page 65, we agree not to keep exceptions for pole mounted
transformers.

>R noted added to the text.
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31. ANNEX 21 T&D EUROPE AFTER MEETING

-1 ,“-‘4 t ,"15-.‘?~ “\ .

‘
,v“

. T&D Europe answer following
- Stakeholders Forum of 29 March 2017 oni
j:he Eco-design regulation on 'D'ansformers:'

Analysis of the presentations made by VITO on 29 March

P

e of o Dty
wnd Dismimsson Equpment asd Serecat Insusy

1; i:;:s:.' w'yizl.,MﬁB ass -E A

conclusions Stakeholders Forum 29-03417

« 3 Amorphous transformers are still in the game as
Hitachi seems to have reduce the cost of the raw
material by 30%. Noted

-’: - - ¢ g ._‘ i~y - -
P LR VS s o T | PR -
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T 4 GEE B e

Limits of losses for TIER 2 could be
changed from AO-10%Ak to AO-15%Bk

A Efficiency vs Load Factor for K Factor fixed

0,995 —-0,1
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0,99 ~03
0,985 =04
o --0,5
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0,9% -0-0.6
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Comparison with the new level

Case of load factor 0,18 ;—ﬂﬁH:l

|List

AD- 20CK

AD-15BK

AD-10BK
10AK

(AD-10BK
oAk | o5

» TIER 2 defines in the regulation is the best solution

» Two lists of losses could not gives advantages and
particularly at long ti

) >R: noted and vision added
SWope

vt Wl s A s
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= ‘ ‘ ‘-\ 33 .
-x'v \.,‘0"“‘ : e

Conclusmns Stakeholders Forum 29- 03 17

» 5 The use of PEIl for distribution transformers is
not yet totally excluded despite of some requests
done by some utilities but not Enedis and not
clearly Enel.

« PEl or several lists of losses lead to:

- De-standardization of components and products with a non-
negligible increase of costs for small series(can be>10%...)

- Reduce product competition as premises will have advantages
over non-local (better-adapted products with adequate stock)
-A poor adaptation of transformers for diffuse markets where
the first price will be the priority of manufacturers and not
CO2 reduction

- -Anincentive to cheat because the PEl is a complex notion and
more difficult to understand by the users

- -Against the construction 43 Europe where the rules are the

#

same for all L/
SLipe
»R: noted and vision addad

Lt%m'l,f.k iﬂ:ﬁ e U :ﬁ e 2 E

<. »

= "L .,)‘B' D A
Conclusmns Stakeholders Forum 29 03 17

« 6 Exemption can be reviewed with efficiency of
material:

+ Insome circumstances it may be not technically feasible or economically justifiable to
reach the energy performance specified in this standard, due for instance to physical
constraints in an existing installation. In this case it & the responsbility of the customers
to obtain the exemption before placing the order.

The customer will ask the following alternative gquotations: TIER 2 compliant, TIER 1
Compliant
I TIER 2 & possible it must be chosen, If TIER 2 s not possible TIER 1 shall be chosen,

+  We do not propose any other alternative. The minimum level must be TIER 1
>R noted but it might open the door for staying at TIER 1

» 9 Excluded transformers product information
requirement are not well covered in Cenelec. Web
site acces should be also reviewed

>R noted

-r&gmupr
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32.

ANNEX 22 HME AFTER MEETING

Hitachi Metals Europe GmbH Comments:
On Stakeholder Comments on the Draft Final Report
&

On the Presentations made at the Stakeholder Meeting
and on the Stakeholder Meeting Minutes

Hitachi Metals Comment - On Stakeholder Comments on the Draft Final Report

Guillermo Amann Comments on Draft Final Report = Referring to Point 1,1.3.2:
As stated in Hitachi Metals GmbH comments on the Draft Final Report, AMDTs respect the
requirements on short circuit as exemplified by CIRED Paper from June 2009. This is a non-issue

and should not be mentioned in the text. be updated

Hitachi Metals Comments - On Stakeholder Meeting Presentations and the Stakeholder
Meeting Minutes

Page 7 - Presentation of Eurelectric - The Eurelectric presentation refers to Laborelec report
which presents a 30% to 120% increase in transformer prices between Tier 1 and Tier 2, Please
see the T&D Europe comments on the Draft Final Report section 1.8, which clearly states that the
Belgian market is not representative of the EU transformer market as a whole. Also using Best
Avaialbale Technology as exemplified by the Siemens documentation (630 kVA Distribution

transformer) one can see that the savings in losses exceed 42%, whereas the purchase price is
only 30% higher than under Tier 1.

Reply. text is updated
Page 12 - Eurelectric remark on Paul Waide’s presentation on single phase transformers (15
kVA) - We can not understand Eurelectric’s claim regarding this excessive weight increase, HME
would like to point out that for 16 kVA, there are many key regions in the world that are moving
towards amorphous.

Reply: noted

Hitachi Metals GmbH 1 21 April 2017
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33. ANNEX 23 ECOS AFTER MEETING

Van Tichelen Paul

From: Transformers

Sent: vtijdag 31 maart 2017 11:58

To: Van Tichelen Paul

Subject: FW: Europe low ambition for <25 kKVA three-phase liquid units

Yan: Michael Scholand
Yerzonden: vrijdag 31 maart 2017 11:23:30 (UTC+01:00) Brussel, Kopenhagen, Madrid, Parijs
Aan: Transformers

CC: Jeremy Tait - Tait Consulting; Cesar. SANTOS@ec.europa.eu

Onderwerp: Europe low ambition for
Dear Paul -

1 was just updating a graph I'm preparing for UN Environrment and | realised | had stopped the European
curves at 25kVA because of the table of maximurm losses has < 25 kVA. When | extended it down to 5 kVA
holding the maximurn losses as they appear in the table, | found a very strange result.....I have to admit, its
worse than | thought. Look at how out of alignment Europe is with the rest of the world's MEPS on these
srnaller ratings.

99.60%
99.40%
99.20%
% 99.00%
3
é 98.80%
g
T 9B60%
s
& 95.40% [——Australia MEPS 2004 |
L | —— Brazil
98.20% | == China MEPS (Grade 3}
| = Europe Tier 1 {2015}
96:00% | —— Europe Tier 2 (2021)
| ==—=India 3 Star
| =——Israel MEPS
97.80% | —— Japan Top Runner
| =——Korea MEPS
97.60% } - Mexico MEPS
| ——Vietnam MEPS
97.40% { = USA MEPS 2010
[—USAMEPS2006 |
97.20%
10 10 yyaRating 1000

You'll be hearing more from rne on this in the future, but | think we need to address this issue.
Thanks again for posting the slides so quickly.

Kind regards,
Mike >R: thanks for letting us this know. will be added.
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Michael Scholand

Senior Advisor, Europe Program

CLASP

TelUK): 144 7931 701 568

TeBE); +32 2 808 7351

Skype: mscholand

mscholanda clasp.ngo

clasp.ngo

Transparency register number; 281884219679-57
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34. ANNEX EURELECTRIC REPORT BEFORE MEETING

A EURELECTRIC response paper (March 2017): ‘Consultation on Tier 2 Fixed Loss
Levels on Distribution and Power Transformers implementation’,
Dépot légal: D/2017/12.105/9 available from:

http://www.eurelectric.org/media/314743/eurelectrc_resp_ecodesign_tier2_250317_fi
nal2_public-2017-030-0205-01-e.pdf
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35. ANNEX CENELEC PRTS50675

Technical specification prTS 50675 :2017 on ‘Power transformers energy performance’
is available from CLC/TC 14 Power transformers:

https://www.cenelec.eu/dyn/www/f?p=104:7:538425502809101::::FSP_ORG_ID,FSP
_LANG_ID:1257153,25
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36. PROJECT WEBSITE REGISTRATIONS

Company / organisation name First Name Surname

1 Swiss Federal Office of Energy Roland Brueniger
2 ArcelorMittal Sigrid Jacobs
3 Rockwell Automation Iain Lindsay
4 Siemens AG Karin Uebelhoer
5 environment agency germany Andreas Halatsch
The Federation of Fiinish
6 Technology Industries Carina Wiik
7 Energy Networks Association Jane May
8 ZVEI Reiner Korthauer
9 Noratel AS Ray Thomson
10 Viegand Maagge A/S Annette Gydesen
11 European Copper Institute Roman Targosz
12 Siemens AG Lina Lau
13 NVE Mari Hegg Gundersen
14 Electricity North West Limited Matthew Kayes
EDF CNEPE Centre National
15 Ingénierie Nucleaire Christophe  ELLEAU
Piraeus University of Applied
16 Sciences (formerly TEI Piraeus) Constantinos Psomopoulos
17 SBA-Trafobau Jena GmbH Nico Wurzel
18 T&D Europe MICHEL SACOTTE
Tramag Transformatorenfabrik
19 GmbH Patrick Egerer
20 ABB John-Bjarne Sund
21 T&D Europe Pierre Lucas
22 thyssenkrupp Steel Europe AG Said Nekroumi
23 NVE Kirsti Hind Fagerlund
24 Netherlands Enterprise Agency Hans-Paul Siderius
25 Hafslund Nett AS Asgeir Mjelve
26 Mgre Trafo AS Nemanja Grubor
27 Vacuumschmelze GmbH & CoKG Holger Schwenk
28 Cefic Bernd Kappenberg
trafomodern Transformatorenges.
29 m.b.H. Christoph Blum
Trafomodern
30 Transformatorenges.m.b.H Thomas Hammermueller
31 General Electric (GE) Grid Solutions Boris Kacmar
32 ICL-IP Eric Sitters
33 ABB Kai Pollari
34 Siemens AG Michael Heinz
35 J. Schneider Elektrotechnik GmbH  Thomas Hug
36 ebm-papst GmbH & Co.KG Uwe Sigloch
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37
38
39
40
41
42
43
44

45
46

47

48
49
50

51
52
53

54
55
56
57
58
59
60
61

62
63
64
65

66
67

68
69
70
71
72
73
74
75
76

GE
ABB
NEK

thyssenkrupp Electrical Steel GmbH
thyssenkrupp Electrical Steel GmbH
thyssenkrupp Electrical Steel
thyssenkrupp Electrical Steel
Austrian Energy Agency

Elettromeccanica Tironi srl
CG Power Systems Belgium NV

RTE (French TSO)

Norwegian Water Resurces and

Energy Directorate
ESB

Energy Networks Association
BLOCK Transformatoren-Elektronik

GmbH

Maschinenfabrik Reinhausen

CENELEC

Tramag Transformatorenfabrik

GmbH & Co. KG
ENTSO-E

Siemens Wind Power
Synergrid

Laborelec

Koncar D&ST d.d.
Viegand Maagge A/S

thyssenkrupp Electrical Steel GmbH
National Grid UK Electricity

Transmission

Vattenfall Distribution Sweden

Ellevio AB
Murrelektronik GmbH

Norwegian water and energy

resources directorate
Bowers Electricals

NVE

EREA Energy Engineering
Tramag Transformatorenfabrik
thyssenkrupp Electrical Steel GmbH

ICF International
SCHNEIDER ELECTRIC

Belgian Ministry of Environment

Bticino
TUV SUD China
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Elisa
John-Bjarne
John-Bjarne
Peter

Nicole

Guy

Régis
Thomas
Maurizio
Gino

Bram

Jean-
Christophe

Helge
Anthony
David

Wolfgang
Manuel
Angelo

Stefan
Thong
Jesper
Wim
Robby
Ivan
Carsten
Andreas

Paul
Per
Eskil
Matthias
Lars
Andreas
Anthony
Christer
Heen
Herman
Matthias
Thierry
Emmy
Philippe
Bram
Adriano
Gary

Gastaldi
Sund
Sund
Schafeld
Wiese
Ligi
Lemaitre
Bogner

Tironi
Cloet

RIBOUD

Ulsberg
Walsh
Crawley

Reichelt
Sojer
Baggini

Plieth

Vu Van

Gaard

De Maesschalck
De Smedt

Sitar
Tonn-Petersen
Jansen

Jarman
Norberg
Agneholm
Eschle-Reinold

Eriksson
Hall

Skotland
Nollet
Geinzer

Dr. Belgrand
Feldman
CARPENTIER
Soenen
Fantozzi
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77
78
79
80
81
82

83
84
85
86
87
88
89
90

91
92
93
94
95
96
97
98
99

100
101
102

103

104
105
106

107
108
109
110
111
112

113
114
115
116
117

E.ON SE

Siemens AG

EDP Distribuicao

UK Power networks

GEDELSA TRANSFORMERS
CLASP Europe

Dept for Business, Energy and
Industrial Strategy

ICF

Miistere de I'écologie et de I'énergie

Agoria
ECOS
Isomatic Lab
HVOLT Inc.
CSRA

RTE

CENELEC

DuPont

VSL

Kolektor ETRA

Bultraf Ltd

CERB EAD

Umweltbundesamt

CAHORS Transfix

BLOCK Transformatoren-Elektronik
GmbH

Liander

German Environment Agency
Koncar Distribution and Special
Transformers, Inc.
Mitteldeutsche Netzgesellschaft
Strom mbH

ENEDIS

STEDIN B.V.

SEVEN, The Energy Efficiency
Center

Enduris B.V.

ORMAZABAL

JST transformateurs

Gimelec

SEMI Europe

Koncar Distribution and Special
Transformers, Inc.

Topten

Swedish Energy Agency

Anie Confindustria

ABB Ltd
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Michael
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Michael
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Andre
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Ivan

Michael
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Juraj
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Mathieu
Philippe
Ourania

Dominik
Ian
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Ilaria
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Heinz
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Dyer
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Scholand

Rimmer
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BISSON
Hamers
Fayole
Todorov
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Szewczyk
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Jerman Kuzelicki
Petkov

Beleliev

Halatsch

Walter

Lihring
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Sitar

Schmidt
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Krivosik
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118
119
120
121
122
123
124
125
126
127
128
129
130

Eisenmann Thermal Solutions
GmbH & Co. KG
e-distribuzione

legrand

EDP Distribuicao

Danish Energy Agency
ENERCON GmbH

Electricity North West Limied
ZVEI

Enerrgy Networks Association
Netze BW GmbH

ABB Transformers Oy

ECOS

ZVEIl e.V.
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