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LOT 2: Distribution and power transformers



Welcome

Welcome and purpose of the meeting
Short presentation of the participants
COM intro&welcome

Procedure — distribution of comments and answers
Agenda (next slide)
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Agenda

10h00 -10h15
10h15-10h30
10h30-11h30
11h30-12h30

12h30-13h30
13h30-14h30
I

14h30-14h45
14h45-15h15

14h45-15h45
meeting

15h45-16h00
16h00-16h30

Welcome

Short presentation of MEEuP methodology and general scope of the study

Chapters 1-5 in a nutshell and main updates made after second stakeholder meeting
Presentation of Chapter 6 followed by a discussion on selected comments and answers

Including a.o.: comparison with CLASP calculations based on analytic transformer
modeling, other ..

Break (sandwiches are provided)
Presentation of Chapter 7 followed by a discussion on selected comments and answer

including a.o.: discussion on synergy of MEPS with TCO and/or LCC practices, extra
category definitions and needs, impact of sensitivity analysis on proposed MEPS and
extra recommendations, needs for standardization including EN 60076-1 tolerances,
other ..

Data update and completion of power transformers MEPS
Coffee break
Opportunity to come back to comments and answers as distributed in the beginning of the

Planning to completion of the study
Any other item
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Short presentation of MEEUP
methodology and general scope

see Bio IS presentation

7~ Vito

isi hnology 05/10/2010
oooooooooooooooooooooooooooooooooooo



Chapters 1-5in a nutshell with main
updates
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Chapter 1: Definition — main ecodesign
parameters

main ecodesign parameters:
Definition and scope:

Transformers were defined for use in the electrical transmission
and distribution systems;

Also include ‘smaller industrial transformers’ (<1kV);

PR EN 50451-1 with losses classes for dry type transformers
added (still some extra tables needed) (released during the
study) (depend on the high voltage winding);

BC3, BC6,BAT AOAK ..was fitted to those clases 22 kV type.
Used segmentation see next slide
Functional unit. ‘Transformer rated power (S)’

7~ Vito
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Chapter 1 Scope: segmentation in this
study

Main Type of Technology used or Functionality
o | %
E| 5
= | . HERE
=l — .E =
5 i‘a ‘E'n - -E o :‘; ‘.5 = §
= Fl2|F|&[=| =| &=
Study S | 2| o | 2 = E =
scope Major subcategery name Type of Service and Sector == o 2‘ 5"
y |MV/LV Distribution transformer | Distribution by DSO 99.99%| 0.01% 100% 90%| 10%|=100
y |line voltage restorers Distribution by DS0 100% yes [100%
y |DER LV/MV transformers Connecting DER by producer 20%| 80% 100% 80%| 20%| 0%
¥y |Industry MVILY oil ransformer Distribution by non DSO (industry, ) 50% 100% 85%| 15%
¥y |Industry MVILY dry transformer  |Distribution by non DSO (industry, ) 50% 100% 15%)| 85%
y |Power transfomer Power by TS0 (DS0) 100% 0% 59% 100%
y |Phase Power by TS0 (DSO) 100% 0% 1% 100%
¥y |Seperationfisolation transformer |Distribution by non D3O (industry, ) 100% 100%
y/n |Control transformer Distribution by non DSO (industry, ) 100% yes [100%
n |Safety transformers Specific ext. applications industry/domestic 100% yes [100% 004 025 006
n |speciality/consumer transformers |Specific int. application industry/domestic MA MNA Me o [NA yes [MNA O |NA O |NA O [NA [NA MA
n |magnetic halogen transformers |Lighting all sectors 100% yes [100% 004 063 006
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Chapter 1. Standards

Standards — this will be discussed again in chapter 7 to look for gaps
and legislation from the viewpoint of future policy measures.

For power transformers draft Chinese standard (only available).
Power transfo update will be discussed later in the meeting

/3 i v Ito
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Chapter 2: Economic and Market Analysis

Aim: Generic economic data, insights in past, recent and future
stock and market, additional parameters, market trends, user
expenditure data (e.g. Electricity price, interest rate, ..).

Remark: the reference power transformer BC 4 as communicated by
T&D matched close to grade 2. Nevertheless several remarks are
received that many utilities procure far more efficient power
transformers the last decades. 100 MVA has been chosen as in
between the medium and large transformers to simplify the model, it
IS therefore not the most sold transformer.

d 4 vision on technology
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Chapter 2: Economic and Market Analysis

Stock Stock Stock Total sales
Rated Power
Sin KVA
Transformer 1990 2005 2020 1990 2005 | 2020
type
stock sales K K K Units Units units
units units units p.a. p.a. p.a.
Smaller
industrial 16 16 750 750 750 75000 75000 75000
transformers
Distribution
transformer 250 400 2692 3600 4459 118443 | 140400 173891
(oil)
DER
transformers 2000 2000
oil immersed
0.25 20 90 85 2100 9450
DER
transformers 2000 2000
dry-type
Industry oil 630 1000 598 800 991 35204 | 43200 | 53505
transformer
Industry dry 800 1250 127 170 211 6652 8047 9966
transformer
Power 100000 | 100000 48 64.35 80 1588 1802 2232
transformer
Phase 100000 | 100000 0.49 0.65 0.81 16 18 23
= VIto
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Chapter 3: User behaviour

Aim:
Analysis of consumer behaviour: user information and barriers for eco-
design
Analysis of real life situation: most important are load factors, load form
factor & life time

The loading profile parameters can be precisely calculated from excel
load profile data (see website) (figures were added)

Further investigations done on loading (ERDF, ESB) but they seem to
confirmed low(er) load factors for distribution.

The same for power transformers: more data was found that EU
substations (e.g. OPERA FP7 grid data) have mainly double and
redundant transformers (BTW: also HV and MV cabling is), which
explains this.

Text and parameters were updated.

d 4 vision on technology
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Chapter 3: User behaviour

Load Load Power Load
Typical form factors | Availability | Average
factors factor e a:
transformer (a) factors (Pf) eq. factor (Af) | Lifetime
(Kf) flat(a.)
MV/LV d(/;/tr/butlon 0.15 1.073 0.18 1 40
) 0.37
Industry oil 0.30 1.096 1 25
0.37
Industry dry 0.30 1.096 1 30
0.9
Power 0.20 1.08 0.24 1 30
DER
(liquid-immersed 0.25 1.50 0.42 1 25
and dry-type)
Separation/isolation | 0.40 1.096 0.49 0.2 10
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Chapter 4. Assessment of the Base-Case

» Have been completely recalculated, taking into account:
» updated use parameters from chapter 3.

» updated prices that were the outcome of the enquiry launched
after the second stakeholder meeting.
» Results and outcomes will be discussed together with chapter 6 on
Improvement options.

» In the enquiry launched within chapter 4 simplifications with regards
to BOM data are introduced as this has little impact.

7 vision on technology 05/10/2010 13
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Chapter 5: Technical Analysis BAT and
BNAT

This task examines the improvement options of transformers
considered as best available technologies, in an attempt to improve
upon the base-cases

Has been completed with input received.

Main event was the launch of an manufacturers enquiry (see next
slide).

d 4 vision on technology
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Chapter 5: Technical Analysis BAT and
BNAT

» Grouped BOM and cost impact on improvement options for base
cases transformer types are used

» = combination of various techical options: see text
» data sourcing options were:
» analytic model (spreadsheet available and generated data);

» other more detailed transformer design software = CLASP
(Task 6);

» catalogue data (smaller transfors);
» >> Manufacturer enquiry = chosen

» Note: dry-types are coherent with the new draft standards (and
manufacturing catalogues)!

» Power transformers, will be discussed later today at stakeholder
meeting

vito =3
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Chapter 5: Technical Analysis BAT and
BNAT

I BC1 ] ZCZ ] 3‘:3 BC4 BC5 BC6 < BC7

yp Distribution | Industry | Industry | o, .. DER oil | DER dry | S€Paration
oil dry /isolation

“(‘ét)p”ce 6122 10 926 16 333 719 851 18 248 28 192 1348

d 4 vision on technology
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Chapter 5: Technical Analysis BAT and

BNAT

Improvement options for BC 1: Distribution transformer 400 kVA
Relative price data:

EO DO Cco BO AO
BC 1 - Distribution
transformer 400 KVA 930 W 750 W 610 W 520 W 430 W
68 dB 63 dB 58 dB 53 dB 50 dB
Dk 6000 W
Ck 4600 W 100% 105% 1% 108% +1% 116% +4%
Bk 3850 W 119% +3% 130% +8%
Ak 3250 W 142% +9%
Relative core mass % (top) and conductor mass % (bottom) data:
EO DO Cco BO AO
BC 1 - Distribution
transformer 400 kVA 930 W 750 W 610 W 520 W 430 W
68 dB 63 dB 58 dB 53 dB 50 dB
Dk 6000 W
100% 112% +6% 135% +13%
Ck 4600 W 100% 106% +4% 137% +9%
122% +17%
Bk 3850 W 144% +14%
145% +34%
Ak 3250 W 207% £53%
05/10/2010
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Chapter 5: Technical Analysis BAT and
BNAT -AMT

» AMT relative price data for a 400 kVA (BC 1) transformer compared
to a DOCk standard silicon steel transformer as found anno 2010

» prices could become equal (according to Hitachi-METGLAS)

» sources:manufacturers enquiry, prices from the Indian rule making
process and a 1999 THERMIE project.

» Note: large differences (might be due to lack of sufficient EU

sourcing)
Reference DOCk(Base Case) Reference AOCk

Ck 135% 180% 230% 116% 155% 198%
Bk 145% 200% 250% 125% 172% 216%
Ak 155% 220% 290%|  134%|  190% 250%
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Chapter 7: Policy and impact analysis

This task looks at suitable policy means
draws up scenarios 2005-2025
an estimate of the impact on users and industry
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Chapter 7: Proposed exact product definitions and
scope for policy measures

» Three-phase oil-immersed distribution transformers 50 Hz
» according to EN 50464-1 series
» includes industry and DER (agree?)
» subcategory needed when imposing AOAK?

» i.e. ‘'very compact three-phase oil-immersed distribution
transformers’

» maybe two: light weight (<100 kVA) (pole mount) & compact
(<630kVA)

» technical parameters to define (weight & dimension)?
» Not needed at all? All ways needed? Temporary need? They could
be made with highest grade HGO-DR? if so, do we need more

timing in the Tiers because of availability? A solution might be to
have this only in Tier 17?

» Three-phase dry-type distribution transformers 50 Hz(prEN 50541-1)

7~ VIto
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Chapter 7: Proposed exact product definitions and
scope for policy measures

» Medium and Large power transformers (>5 MVA) used in 50 Hz
electricity transmission with highest voltage for equipment
exceeding 36 kV

» Smaller power transformers (=2 1TkVA & <100 kVA) designed for use
In electricity 50 Hz distribution with high voltage winding (HV) for
equipment not exceeding 1 kV

» Impact is low, low use, many niche products&applications
» Not yet measurement standard
» general purpose vs special purpose
» offers a backdoor > target documentation + marking
» Acceptable?

P -
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Chapter 7: MEPS

»  Distribution oil:

»

»

»

»

»

<630 kVA AOCK in Tier 2 (2015) > Tier 1 (2013) .. more ambition needed (several
comments) e.g. 0,9A0Bk ?

>630 kVA AOAK in Tier 2 (2015) > Tier 1 (2013) .. more 0,9A00,9Ak?
very compact .. needed? loophole fixed with installation reqs?
(add inter- and extrapolation)
Stakeholders, agree?
» is it feasible

»  fit wit standards?
» A more ambitious long term Tier 2 based on:

»

»

>~V

lower price assumptions:
» AMT 0.5A0
» 0.9 or 0.75A0
higher load factor assumptions:
» more ambitious Ak or beyond

Ito =
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Task 7: MEPS

Dry-type distribution Transformers: AOAk (2013)

but where are more ambitous levels in standard? Not found on the
market yet

how to avoid distribution oil consumers move to those less efficient
ones?

Power transformers: separate discussion (need a review).
Smaller industry transformers (<1kV): table & interpolation

7= VIto
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Chapter 7: Policy recommendations

Towards TSOs & DSOs:
» MEPS should coexist with TCO or LLC

» If MEPs for TSOs or DSOs are above their TCO target it takes
away money from other investments, e.g. cables, DER, ..? (see
also impact)

» Further harmonise TCO? (TCO error > in B20.8Ax(axKf)2/PF?2)
» Towards DER:
» Towards private or public users (e.g. industry)

» classes should not prevent to strive to improve

» Towards BNAT
» Standards: see other slide
» other (information, installation requirements?)

Dual Iow voltage winding? (to lower losses in MV cables)

. 7 vision on technology 05/10/2010 24
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Chapter 7: Policy recommendations &
standards

» updating standards vs implementing measure and expected timing

» Needs:
» |IEC (EN) 60076-1: Tolerance: +/- 5%? +/- 7.5%7? +0/-10%7?

» It was said that large tolerance is needed to cover full range
also power? (might be more difficult to project losses due to
lack of serial production?) Limit < 5000 kVA? Limit to
distribution transformers?

» extra categories EN 50464-1 (oil), prEN50541-1

» |Is proposal to close gap smaller industrial transformers technical
OK? Where to include?

A g
vision on technology 05/10/2010 25
© 2009, VITO NV - Alle rechten voorbehouden



Chapter 7: Policy analysis

LLCC 2010 2013 2015
BC1 DODk COCk AOCk
BC2 EOCk  BOBK AOAK
BC3 COBk  BOBk AOBK
BC4 80-300 60-300  30-300
BC5 EOCk COCk AOAkK
BC6 COBk BOBK AOAkK
BC7 110-750 - -

BAT 2010 2013 2015 2017

BC1 DODk BOBk AOAK  A02AK

BC2 FOCk BOBK AOAK -

BC3 COBK AOBK AOAK -

BC4 80-300  30-300  30-250 :

BC5 EOCK COCk AOAK -

Y vIto B BC6 COBk BOBK AOAK -

enenteer BCY 110-750  110-400 - -




Chapter 7: Policy analysis

» BAU:
» 130.3 TWh/a in 2025
» 1721 TWh 2011-2025
» LLCC:
» 101.7 TWh/a in 2025 (-21.9% BAU)
» 1556 TWh 2011-2025 (-9.6% BAU)

LLCC 2010 2013 2015

BC1 DODk  COCK AOCK

BC2 EOCk  BOBk AOAK

BC3 COBK  BOBK AOBK

BC4 80-300 60-300  30-300

BC5 EOCk  COCk AOAK

= VItO BC6 COBK  BOBK AOAK
S St BC7 110-750 - i



Chapter 7: Policy analysis

» BAU:
» 130.3 TWh/a in 2025
» 1721 TWh 2011-2025
» BAT:
» 96.2 TWh/a in 2025 (-26.2% BAU)
» 1515 TWh 2011-2025 (-12% BAU)

BAT 2010 2013 2015 2017

BC1 DODk BOBk AOAK  A02AK

BC2 FOCk BOBK AOAK -

BC3 COBK AOBK AOAK -

BC4 80-300  30-300  30-250 :

BC5 EOCK COCk AOAK -

“fVl.tO BC6 COBk BOBK AOAK -
enenteer BCY 110-750  110-400 - -
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Chapter 7: Impact Analysis (Biois)

»

»

»

»

»

»

>~ VIto
vision on technology

negative impact on the functionality .. increased volume and weight
Monetary impact (calculated along scenarios)

Impact on EU employment? Launch enquiry? Target steel
manufacturers? Target t

Impact on the manufacturers and competitive situation of the market
(mainly AMT issue, steel manufacturers, transformer manufacturers,
but HGO-DR can also step up in current limits(?))

TSO/DSO capital not available for other projects.. see also
discussion on MEPS vs TCO

Should not substitute TCO or LCC but coexist

-~ 05/10/2010
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Data update and completion of power
transformers MEPS

power transformers comments are (see XXX):
BAT is not ambitous enough and in line with state of art
proposed policy measure based on corrected Chinese standard does makes no sense for

EU
proposal to launch an enquiry to produce more realistic data to develop a policy measure

history:
current base case 100 MVA Pk=300 kW&P0=80 kW
(source: proposed by T&D, in between chinese grades, PO relative high, better
compared to reference from literature 1976)
Apart from the Chinese standard there is no accepted reference classes or grades such
as for oil filled transformers
Enquiry
How to proceed:
Updated LCC sensitivity analysis chapter 6 on product range to see how ‘Tiers &grades or
grades’ can be elaborated
Update the BC4 reference data (Pk, PO, price) + BAU .. which would result in less energy
saving?

vision on technology 05/10/2010 32
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Opportunity to come back to comments
and answers as distributed in the
beginning of the meeting

Distribution and power transformers might be misleading as also
smaller industrial transformer (high voltage winding < 1kV) are in
scope

Fvito__.
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Planning

Power transformer data finally received at latest Thursday 26/4.

Target to release MIM + updated an consolidated version
Including power transformer update 10/9 (at latest 17/9)
Period for comments until 24/9 (at latest 30/9)?

Afterwards the report will be sent to the EC (target 7/10) and
they will decide on the release?

/3 i v Ito
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Any other item and closing

?

Thanks for participating and contributing with comments
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