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Introduction

Power distribution systems are facing many chalieng
ageing of components, implementation of smart gaials$
development of e-mobility, demand for more envirental
friendly solutions... To prepare the networks offiliteire,
new solutions and innovative network component&hav
be designed and implemented.

A record number of 134 papers have been selectatido
Session 1 — Network Components — of CIRED 2011 ufbo
half of these papers originate from Distributiontiark
Operators (DNOs) and another half from manufacsuoér
equipment, suppliers of services to the DNOs, seaech
institutes. The different perspectives have beeedin the
four blocks retained for the organization of thpesial
report and of the Main Session.

The structure of these blocks is as follows.
Block 1 Asset management38 papers)

- General overview

- On-site tests

- Monitoring systems
- Others

Block 2 Innovative network components and solutions
for Smart Grids (32 papers)

This block has been subdivided in seven categories:
- Fault current limiters (FCL) and alternatives

- Power electronics

- Electric vehicle (EV) integration

- Dynamic thermal rating

- Sensors, monitoring and communication

- Transformers

- Smart substations and testing

Block 3 Evolutions of standards and specifications,
trends in network components for cable links and
overhead lines(31 papers)

- Evolution in Standards
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- Underground (UG) Cables and
components
Over Head Lines (OHL) components

Other points on LV and MV networks

MV  systems:

Block 4 Trends in network components for substatios
(33 papers)

Substations
- Transformers
- Switchgear

Only about 5 or 6 papers per block have been saldot
oral presentation in the Main Session (MS), buttlad
papers can be presented in the Poster Sessior_{lRSn
the previous conferences, guided tours of the RiSbwi
organised in order to facilitate the exchanges betw
authors and participants.

In addition to the Main and Poster Sessions, tReend
Table (RT1la/RT5a, RT1b and RT1c) discussions and a
Research and Innovation Forum (RIF) will take plaithin
Session 1.

RT1a/RT5a is a joint Round Table organised by $aski

and Session 5 which is entitled “Distribution netksfor
large cities: new components and system development
issues”.

RT1b — “Components for smart grids and e-mobilikgl
discuss the problems and solutions related tovtbkiton
of distribution grids, including the integrationsafpply for
electric vehicles.

RT1c — “Internal Arc Classification - how to contéest
results into personal safety on site” will prest latest
developments and perspectives in this field.

Finally the authors from Block 2 who have submitteisix
papers related to the development and applicafi¢iaolt
Current Limiters will be invited to present theapers and
exchange with the audience in the RIF which will be
focused on this topic.
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Block 1: “Asset management”

Management of current aging networks and theirweiari
request an optimization of the network asset manage
and aging mechanisms understandings.

The 38 papers of this block have been classifital time
following categories:

- Asset management (AM) — general overview

- AM currently supported by on site tests

- AM processes supported by monitoring systems

- Others

Asset Management — General overview
(4 papers)

Paper 514 — EDP — reports on how to manage millddns
metering equipment and associated metering precestte
the target to keep tracks of asset location, stéahnical
parameters operation and life cycle as well agfind new
workflow. Solution used consists in a platform ttaldata
management and on the redesign of corporate pracess
workflow.

Paper 767 presents the Danish experience
maintenance of the MV network where finally botiblea
technologies (PILC — XLPE) have been interconneassd
a lot of other countries. The paper focuses pdattyuon

the importance of the transition joint in the fafluate and
attempt to explain failure origins. In additiorjpant project
between Danish utilities on PD measurements resi¢hbs

PD sources are distributed among three groups of

components: PILC straight joints, transition joiautsl PILC
cables.

Paper 948 reports about failures on network compisne
which can affect the reliability of power systenihe
analysis of the failure cause has a practical vsiluee the
knowledge of failure cause could help the powsdities to
take remedial actions and determine appropriatbaddor
failure reduction. An extensive cause analysis vaased
out in Vattenfall distribution. Each segment of the
distribution network - both LV and MV - was analgze
OHL, UG cables, Fuses and apparatus for LV; OHL, UG
cables, primary and secondary substation for the MV
components. The primary causes and numbers ofdailu
are given for the different categories.

Paper 1095 presents the so called SmartLife iviéiat
which is a European coordination project relatatiémsset
management of the distribution and transmissiowads.
SmartLife bring together 26 European partners ithbo
transmission system operators (TSO’s) and disfobut
system operators (DSO's), R&D institutes and Ursitars
in 9 countries (AT, BE, FR, IT, NL, NO, PT, ES & GE
core group was constituted of utilities and ketiintes
EDF R&D, ENEL, ERDF, Iberdrola, KEMA, RTE and
SINTEF under ERDF coordination. The initiative iache
up of 5 groups gathering 60 experts and asset rmenad)
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in the

groups focused on the key network components (sable
accessories, OHL, transformers) will identify thitical
equipment technologies and key factors generagihgés,
on-site diagnosis methods, health index evaluafitwe. 2
others are concerned with AM practices of TSO’s and
DSO’s. The objective of SmartLife is to optimizeeth
management of both current aging and future adsets
considering ratio of network performance to renevesit.

Fig. 1. from paper 166, after laying testing by a 250kV
DAC system of a 6km long 150kV XLPE cable link

AM currently supported by on-site tests
(17 papers)

Cable and network aging (7 papers)

A few technologies are now available to asseskadkfore
being energized either after installation or repagir In
addition to Damped AC (DAC) voltage testing, Partia
Discharges (PD) and Dielectric losses measurenaets
more and more considered as potential tools fomort
assessment. Time Domain Reflectometry (TDR) meihod
also considered.

Paper 166 presents definition and practical apidicaof
testing procedures of DAC testing combined withsgtere
PD detection for on-site testing of newly installeesg
length. Practical examples presented on 50 kV (ipdnd
132 kV (7.8 km) large underground circuits confidribe
interest of both continuous and damped AC test Rith
measurements.

The purpose of the paper 399 is a Web databasealedi

to PD measurements on the German MV network and the
associated visual inspection of the located PDidailhe
aim of this tool is — thanks to contributions frarlarge
number of participants — to build up a comprehenbiase
in the medium term. Statistical approaches can
developed for risk assessment in accessories deb to

be

Paper 389 proposes dielectric losses measuremset ba
upon charging current analysis when VLF voltaggigied
on power cables (Hamon approximation).

As various PILC cables designs have been in oper&tir
years in the French MV network, the paper 769 fEdRDF,
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with the support of EDF R&D, examines PILC compdgren
ageing (paper and impregnating compounds) andkstan
a few tests and analysis, proposes some critival Fer
accessible characteristics of the insulating papeich
could trigger the replacement of aged cables.

Time Domain Reflectometry — Cable Radar — is caersid

in paper 1070 as an interesting method on undengrou
cables using the change of impedance all alongahke to
pre-locate faults but with some restrictions inatice and
unnecessary reflections mainly generated by brandte
use of a ferrite bead for suppression of high fexqy
signals could improve TDR measurements.

asctuce [n i LA o

Fig. 2: from paper 1327, a new tool to get environmental
data

An economic cable assessment (paper 1023), supdurte
qualitative — such as manufacturer, design, tyge, ar
utilization, cable faults, number of sections amidts — and
quantitative factors like sheath testing, PD arssigation
factor measurements, points out the requirementafor
multitude of information.

Health index (HI) evaluation approach, as also ioeat in
SmartLife initiative (paper 1095), is proposedaper 1327
on a specific case study in Paris area, the nsie i® solve
remains accurate data collection. A new “geomatiia!
was used to superpose the tracing of undergroumebrie
and altitude - large interest for HI assessmenPhiC
underground cables.

Power Transformers (5 papers)

In distribution systems, power transformers represe
complex and critical assessment. Rapid, cost @ffsaton
destructive diagnosis is an increasingly importmea of
AM. The development of non destructive methods
calibrated by tests on end of life transformersdgliver a
better appreciation of life time expectancy.

Non destructive methods were developed for both key
components of the transformer insulation. The diggon

the insulating paper could be performed (paper 1aad
on-site tests can be performed on the oil (papérarii
831). Vibration measurement methods (paper 746&lace
proposed with on line monitoring. An improved oil
treatment device using HF technology can reduce tim
treatment (paper 231).
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Paper 1030 exposes the development of a non diégtruc
analysis of the coil insulation by determining tregree of
polymerization, indicator of degradation of the eap
thanks to a portable fibre-optic probe. Followiagjlaration
and measurements trials in the laboratory, theumsnt
has been used in the field.

Regarding oil paper 24 relates positive resultaiobt with
maintenance strategy based upon on site testsl.omoi
addition to that it points out the need of an appiaie data
management process and development of workfords.ski

Paper 831 presents an evaluation method of theawengs
of aged transformers. Thanks to correlation ansysiak
components of a transformer can be detected anelotive
actions could be planned.

OHL and sub-stations (5 papers)

Visual inspection, either from helicopter or grouraked,
remains the most appropriate way for the condition
assessment of OHL. Paper 360 presents the tootdgho
gauge”. Based on a visual report, this tool allogfing

the treatment of inspections. Infrared thermography
confirmed as an interesting tool for detecting $its in
MV aerial networks (paper 252).

Paper 803 is focused on wooden poles conditiossissnt
and proposes some new methods. The objective rermain
get a better estimate of remaining lifetime withfinal goal
to reduce maintenance and replacement costs.

For condition assessment of aged surge-arresteirb/in
substations, the use of high frequency currensfoaimer
(HFCT) for PD measurements is presented in pap&8.12

Mathematical model — validated by experimental ltsst
can be used for real time monitoring of OHL and ris
assessment (Paper 1078).

AM processes supported by on-line monitoring
(13 papers)

On cable and other network components (10 papers)

The final goal of on-line monitoring is to get igad time an
active management of the network based on the tondi
capacity and capabilities of the assets. Papep8&ents a
general overview of on-line condition monitoring of
distribution network assets.

Partial discharges measurement is more and more
considered as the most judicious way to assess MV
networks. With the cost of equipments decreasirgpép
1286) and improvement of the performance of PD
detection, on-line condition monitoring is expecteglay

an increasingly vital role in the management of MV
underground networks.
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Fig. 3: from paper 875, PD activity over 3 weeks in atoin
at 1678 m in an XLPE cable of 4258m, followed by a
breakdown in that joint.

Although current on-line PD measurements systems
performance is continuously improving, in Partisgddharge
pattern recognition (paper 327), PD location (pe§st),
cable mapping (papers 479, 875), still some cammlitare

to be met in order to target accurate replacemecisitbn
(paper 1189). It was demonstrated that in manysctheze
was a good correlation between PD activities and
breakdowns. Even the use of PD analysis for autednat
failure prediction is still under evaluation (papéi7); when

PD are identified and localized, there was enough to
perform repair action (paper 875) before breakdowaurs.

HFCT sensors can be used as PD detectors whermmace
earth connections of terminations (in substations o
switchgear). Paper 1205 describes PD monitorinlylon
network in an industrial environment which makesreno
difficult but still possible the PD detection. Gnd PD
monitoring in various cases — from 6.6 kV up tk30- are
presented in paper 1257.

Paper 0327 presents the use of Phase ResolvednPatte
identification for PD signal analysis and pointst dloe
importance of de-noising, data collection and tresatt
processes.

Table 1: Papers of Block 1 assigned to the Session

On line monitoring on switchgear (3 papers)

Discharges phenomena can create faults and falgasin
switchboards (papers 185, 862 and 1005).

Paper 1005 describes the interest of using a mertsor
device (optical fibre signal, sound pressure andnez
detection) to detect pre-discharge phenomena. Pgter
raise questions on the correlation between Partial
Discharges signals and fault presentiment ways.
Relationship between Partial discharges level aad &nd
enhanced criticality assessment for both cables and
switchgear are discussed in paper 862.

Others
(4 papers)

Paper 176 presents the very interesting experiarie use

of PD sniffer for workers safety when they havevtwk in
underground vaults. Temporary single phase to gtoun
faults indicate insulation deterioration in noneetively
earthed distribution network (paper 441).

Paper 668 shows that based on a new proposed hidden
Markov model (HMM), mechanical fault diagnosis stiee

is feasible and applicable. Polymer end of lifei¢gatbr
using a portable fibre-optic spectroscopy probe ted
Raman-spectroscopy method is described in paper 703

Potential scope of discussion

Methods and tools for asset management of network
components:what is the proper level for sharing of best
practices and for collecting and sharing data about
components reliability and impact of ageing? howeep

the required confidentiality in these exchanges?

On line PD monitoring: do the prospects of cost reduction
and improved prediction reliability allow considegi a
larger deployment in the future?

Real-time monitoring of OHL: can it be used for safe
overload management?

Paper No. Title MS | RIF | PS
a.m.

0514 (PT): Intelligently managing metering asseta changing environment X
0767 (DK): Service experiences in Denmark with rdixeedium voltage (MV) cable systems X
consisting of both XLPE and PILC cables technolsgie
0948 (SE): Failure Causes of Distribution Netwodatponents X
1095 (FR): Outcome of SmartLife : a European cowtion action in asset management of T&IX X
networks
0166 (CH): Modern Methods of After-laying testingRower Cables X
0399 (DE): Evaluation of PD Measurements on MV @&ystems by Means of a WEB Database X
0389 (DE): Dielectric loss measurement of powetlesmbsing Hamon Approximation X
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0769 (FR): Paper-impregnated MV Cables Ageing X
1070 (GB): Improving TDR measurement in multi-jodable network X
1023 (AT): Integral cable condition assessment X
1327 (FR): Health Index : a technical indicatountierground network reliability X

1030 (GB): Non-destructive DP analysis of kraft @afsom shell-type power transformers

0024 (AR): Maintenance strategies to optimize tlmagement of power transformers

0831 (AT): Diagnostic Measurements for the Condititvaluation of Power Transformers

0746 (CN): Non-electric measurements-based ondimgnosis method for the fault of transformer X
windings

0231 (UA): Equipment for adsorbent regenerationhwipplication of high-power UHF X
electromagnetic field

0360 (FR): Rethinking helicopter-based inspections

0252 (EG): Infrared Thermography and Distributigist8m Maintenance in Alexandria Electricjty X
Distribution Company

0803 (NO): Maintenance Cost Reduction by Improvesdiidds for Condition Assessment of Wagod X
Poles

1283 (BR): Partial discharges measurements at fielaliged surge arresters

1078 (CN): Real -time monitoring of overhead traizsion line and its risk assessment X

0980 (GB): On-line Condition Monitoring of Distriban Network Assets - Making the Netwaork X X
Smarter

1286 (ES): Design and field test of low-cost onlim®nitoring system in medium voltage X
underground cables

0327 (GB): Automatic Partial Discharge Pattern Rmition for Use in On-line Cable Condition X
Monitoring Systems

0994 (GB): Improved Algorithm for on-line Partialddharge Location in Cables X
0479 (GB): Improving the management of MV undergibaable circuits using automated on-line X
cable Partial Discharge mapping

0875 (NL): The intriguing behaviour over time of Bfrom defects in MV cables and accessorie3 X
lessons learned with SCG, an on-line monitoringesys

1189 (FR): On line MV diagnostic method for failyreevention: case of application

0907 (GB): Data mining methods to predict failuteedo partial discharge X
1205 (GB): Detection and Location of Partial Disgfgin MV cables in electrically noisy industrjal X
environments

1257 (DE): On-line continuous PD monitoring foservice distribution class cables and switchgear X
0185 (CN): Use and Problems of On-line PD Measunefechnology on Switchgear in Guangzhou X
Distribution System

0862 (GB): Location of switchgear partial dischabggpanel and techniques to correlate switchger X

and cable partial discharge with load and substaitozironment
1005 (IT): A multi sensor device for monitoring gasscharges in medium voltage equipments

0176 (CA): Partial Discharge (PD) sniffer for workesafety in underground vaults X X
0441 (CN): On-Line Condition Monitoring of non-ettévely Earthed Distribution Network Using X
Transient Earth Fault Signals

0668 (CN): Online Monitoring and Fault DiagnostafsMechanical Conditions of High-voltage X
Disconnector

0703 (NL): Polymer End-of-Life Indicator X
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Block 2: “Innovative network components and solutios
for Smart Grids”

Innovative solutions and network components arelege
for the “smart” distribution grids of the future, tope with
the high level of integration of distributed gertema, and
the flexibility in operation that will be required.

The 32 papers of this block have been classifiéal time
following categories:

- Fault current limiters (FCL) and alternatives

- Power electronics

- Electric vehicle (EV) integration

- Dynamic thermal rating

- Sensors, monitoring and communication

- Transformers

- Smart substations and testing

Fault current limiters (FCL) and alternatives
(8 papers)

Massive integration of distributed generation (i) the
networks may raise the short-circuit level aboweréiting
of installed switchgear. One possible solutiomisge fault
current limiting devices located at strategic |omad in the
grid to maintain the short-circuit currents at aoeptable
level.

The following six papers present different concepts
superconducting fault current limiters (SFCL), afling

high temperature superconductors (HTS) operatitigued

nitrogen temperature.

Paper 456 reports on three trial tests launchetiffierent

UK distribution networks:

- thefirst trial test in ENW network is now comigd (the
preliminary stages were reported in paper 140 BRED
2009) and the lessons learnt are presented;

- asecond trial test will be performed in Scottswer
network with a SFCL of same technology but larger
rating (the technology used for the first 2 instidins is
also described in paper 352);

- athird trial will be launched in CE Electric netrk with
a different technology (pre-saturated core FCLp als
described in paper 680).

Paper 1162 reports on the first steps of the Ewaope
research project ECCOFLOW. Second generation (2G)
HTS conductors will be used in a three-phase resist
SFCL (rating 24 kV — 1000 A) associated to a patall
limiting air coil, in order to minimize the use &fTS
material while meeting the limitation performanceldhe
maximum allowed temperature rise. Results of priebmy
simulations of the short-circuit behaviour are givBlext
steps are to complete the on going measuremettis first

test objects, and define the detailed design oSHEL.

Some of the authors of the previous paper alsortépo
paper 339 on the results of the Italian NationaCSF
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project. Simulation studies, design and testing sfngle
phase SFCL (rating 9 kV — 220 A) with first generat
(1G) HTS are presented. Short-circuit tests shaveléent
agreement with simulation results.

Paper 352 reports on the status of several SFCleqiso
implemented or lead by Nexans SuperConductorsl&or
HTS (BSCCO bulk material manufactured by Nexans) ar
mentioned the UK trials 1 and 2 (paper 456 abowd)a
third installation (rating 12 kV — 800 A) in a Vaettfall
power station in Germany. Two new projects
(ENSYSTROB in Germany, and the European
ECCOFLOW also presented in paper 1162) have been
launched recently to ascertain the possibilitieh 26 HTS
(YBCO coated conductor).

Fig. 4: from paper 352, SFCL 12-800 installed in the power
station.

The technology of saturated-core SFCL is explamethe
manufacturer Zenergy Power in paper 680. In thigge
superconductivity is used to reduce the lossesiéniC
coil. The concept has been tested and proven in the
“Avanti” circuit of the California Energy Commissio A

new oil-insulated design (Compact FCL) is introdiice
which will be applied in the UK trial 3 (see pap&s6
above). A project of 138 kV Compact FCL is startmith
American Electric Power, that will bring the advag of a
reduced voltage drop under normal load, compared to
conventional air-core reactors.

Finally a hybrid type FCL is presented in the sigdper
801. This more complex solution combines HTS, wed
trigger, reactor and fast acting switches whicterihshe
reactor and protect the HTS component. The advarnag
the reduced use of HTS material. Tests to check the
reliability of this combination have been perfornadhe
KEPCO Power Testing Center. Conditions to be met fo
improving the overcurrent protection coordinatigrusing

FCL are also discussed.

The paper 1256 is related to superconducting diakte In
this case fault current limitation is only a sidpect. Some
breakthroughs have been achieved in the prelimimaris
to prepare the 6 km HTS link that is planned byuich
consortium. These positive results (on cryostdbpesance,
reduction of AC losses, withstand of stresses duault
current limitation) make confident in the succeksfiicome
of this project.
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An alternative solution to the use of FCL is progubsn
paper 494. It is an innovative concept of locagliigent
medium voltage circuit-breaker (iCB) that can sevesey
fast what will be the peak value of the fault catrand
decide on its ability to handle the short-circuitrent. If the
answer is negative, the iCB will wait for some upam
circuit-breaker feeding the fault to trip and reeuihe
current to a manageable value before opening. ot |
intelligence (combined with reclosing function) behsure
that the appropriate sequence of switching operatie
performed among the involved iCBs to restore thergyn
supply in an optimal way. To reduce the power flows
balancing transients between DG and the grid,shswvn
that fast acting circuit-breakers have an advantags
conventional ones. However to compete with the FCL
option this concept must be applicable for upgradifithe
installed base: more studies on the transient hetanf the
conventional iCB in large and complex grid struetiare
under way to confirm the feasibility.

Power electronics
(5 papers)

Non specialists will find in paper 55 a clear intuation to
the role that can play voltage source converteSQVin
future grids. It is explained how VSCs can be used
conjunction with DG to control the power flows wiith
microgrids, or as high voltage direct current (HVDC
connection of a microgrid to the utility grid indar to
better control the exchanges between the two gadd,
mitigate disturbances.

The next three papers are more for specialistsadddess
several technical issues.

Paper 603 provides results of calculation and sitimrs of
operation of modular multilevel converter (MMC)dase of
dc pole to pole fault in a HYDC system. The parareto
be selected for protection against excessive ovencts in
the converter arms are explained.

Paper 1098 compares the respective merits of caddad
bridge (CHB) converter topology with that of MM®yuse

in battery energy storage systems. It is showrQh with
DC/DC converter has advantages in terms of comgsnen
cost and efficiency.

Paper 278 presents simulations which show the aagan
of H-bridge (also termed Full-bridge in paper 1098)1C
for HVYDC transmission systems in terms of faultdkiag
capability, which can compensate the
semiconductor losses.

Finally paper 693 makes a good transition withribet two
papers on electric vehicle (EV) integration. A warsal
power electronic interface is described, that aanded for
connection of a consumer grid (including DG) and=bf
charging station to the utility grid. This interéagses back-
to-back VSCs (see paper 55) for utility/consumadgr
connection, and DC/DC power module for EV connexctio
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increased

The control strategy is explained and the simutatésults
show how it is possible to avoid that disturbancesne
grid affect the other.

Distribution

system Rear control

Grid side|data
o T
J\d‘;( = L'h ey
B UPl i Ethermnet

Controller

(0o )
[=1-i-]

Consumer | Battery
side data | information

Ldod A
Consumer -
FT“T network Electricvehicle

batjery

Fig. 5: from paper 693, schematic of the control system of
the universal power electronic interface.

EV integration
(2 papers)

In paper 531 EDP Distribuicdo reviews the solutioesded

to implement the infrastructure for charging electr
vehicles. The concept of a universal charging atais
presented, with the necessary functions. For efitaise of
the available power smart protection and meteriiigow
necessary. In a first step only slow charging vaé
available as fast charging needs to be adaptedpedific
battery type. Therefore standardisation of batseni# be
necessary before implementation of a fast charging
infrastructure.

Paper 1295 is a presentation of the Green eMotion
European project. The purpose is to standardize the
charging infrastructure, particularly the level %ast
charging). Safety and interoperability requiremanésto be
taken into account for selecting the proper chofoeshe
infrastructure and the coupling system between BY a
charger (e.g. wireless inductive coupling).

Stabilization
//_—-—-\\\

J P vorter | T
S

RL. )
™

Fig. 6: from paper 1295, basic layout of a contactless
battery charging system.
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Dynamic thermal rating
(4 papers)

The interest of dynamic thermal rating for Smarid&iis
well explained in the abstract of paper 918: “Dyiam
thermal ratings have the potential to offer a editctive
alternative to network reinforcement for Distritmurti
Network Operators looking to accommodate load gnast
distributed generation connections”.

A review of the state of the art in dynamic thermading is
given in this paper 918, with special focus ondferhead
lines (OHL), where the maximum current carrying
capability variation can occur, depending on théiamt
conditions. Direct and indirect monitoring techréguare
described for OHL. Several demonstration projects a
being implemented in the UK, for dynamic thermaings
have been identified by the UK regulator, Ofgema &gy
enabling technology for the increased penetratioB®
and the transition towards low carbon distributietworks.

Paper 502 reports on pilot investigations launcled
Portugal to assess several systems available iménket

for estimating the real-time (i.e. dynamic) curreatrying
capacities of OHL. Some of these systems (curradt a
temperature sensors mounted on the conductor)jrasslg

in service and have shown a generally good agreeofen
measurements with the formula of IEEE 738 standard.
However some notable deviations may occur deperating
the local weather conditions.

Paper 1219 reports on the continuation of a warkaaly
presented at CIRED 2009. A self learning expertesys
(SLES) for dynamic thermal rating of power transiers
has been improved and can find the optimal factmased

on a data base of historical ambient and load tongi
that best describe the thermal behaviour of power
transformers: this SLES now provides a reliableadiyic
thermal rating tool which allows to use more ety
these important assets.

Finally paper 495 also reports on progresses sace
previous paper at CIRED 2009. A thermal static nhodle
gas-insulated switchgear has been refined to calser
time-dependent simulation of temperature rise. Good
agreement between simulation results and measute e
been achieved. This improved model can be usedmpt
for the design of switchgear but also for the prédn of
overload capabilities. However, due to the reldyighort
time constant of these equipments significant @asling

(in the order of 10%) can only be achieved for shor
durations (1 to 2 hours) of the load peak, whemistafrom

a low base load.

Sensors, monitoring, communication
(6 papers)

In the future distribution grids will need to haweore
capabilities for ~measurement, monitoring and
communication for control, like the present trarssign
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grids.

To manage actively the power flows in the gridst tep is

to measure voltages, currents and phases in tbeard!
nodes. Therefore it is necessary to introduce lsgita
voltage and current sensors in the secondary gidrsta
The main difficulty will be the refurbishment of isting
substations. Paper 1091 proposes solutions for the
upgrading of the different types of substationgpiftsly
equipped with air-insulated or gas-insulated svgéar),
both for measurement (voltage and current senaadsjor
communication (power line carrier (PLC) couplers).

Paper 822 presents a review of the characterisfitbe
modern low power current and voltage sensors. iénig
generation of instrument transformers is well glitethe
microprocessor-based relays and meters. Their main
advantages over conventional current and voltage
transformers are their wide range of measurement (i
current, voltage, frequency) and their lower wesgahd
costs. Voltage and current measurements can beicedb

in one sensor in order to reduce the size of sgéah

o

Fig. 7: from paper 822, Combined voltage and current
sensors in an epoxy-resin bushing.

Condition monitoring of the different network conmamts
will also be necessary for efficient managemethefuture
Smart Grids. Paper 223 reports on research cordibgte
KEPCO to study what can be imagined in this field.
Feasibility of introducing different types of sensin the
various network components is presented. The main
purpose is to get power quality information andf-sel
diagnosis capability by monitoring. The examplawnfSF6
pole-mounted switch stuffed with all kinds of sessshows
that application to the installed base has nobgeh taken
into account.

Vacuum switchgear is widely used in the distribatipids,
and starts to be used also in transmission andragme
For these applications the reliability stakes aggy\high
and it can be considered to invest in a costly uatu
monitoring system. Paper 234 presents, from thiist jod
view, a review of existing and novel pressure nwiig
techniques potentially applicable to vacuum intetets
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(VI). Till now the difficulty for MV distribution \acuum
switchgear has been to find a vacuum monitoringagev
whose cost and reliability must be consistent Witise of
the VI (i.e. low cost and high reliability are réiqpd), while
meeting the constraints of high temperature witigs{@ue

to the manufacturing process of VIs) and galvanic
insulation.

A new range of “smart” MV vacuum circuit-breakers
(VCB) is presented in paper 501. This VCB features
integrated current and voltage sensors, as welhras
integrated protection, control and monitoring unifth
communication means complying with IEC 61850 steshda
This approach, which is rather similar to the apptofor

LV power circuit-breakers, can simplify specifieatiand
OEM integration into switchgear, provided that tiser is
ready to stop specifying and procuring indepengethit
MV circuit-breakers, sensors and relays.

Finally paper 258 presents an innovative desigderssrd
possible by a new type of sensors (clamp CT) aassitio
electronic meters. The new current transformemgiatied
meter (CTIM) developed by KEPCO features the foltawv
advantages over the conventional meter with externa
current transformers (CT):

- ho wiring;

- compact design;

- no power cut for installation or replacementraf CTs.

——

Flg 8 from paper 258 clamp CT and voItage
device for digital meter.

Transformers

(3 papers)

Transformers also need to evolve to meet the new
requirements of Smart Grids.

Paper 1121 provides an overview of one possibleréut
concept of distribution transformer (DT) suitabte the
Smart Grids.

This DT is characterized by:
- reduced losses;
- onload voltage regulation (to control voltagetioa LV

CIRED2011 Session 1: Network Components

network);
- condition monitoring and loss of life evaluatiomith
possibility of dynamic rating.

Paper 51 presents some evolutions of power tramsier
(PT) to better meet the demands of Smart Grids.

These new PTs will be:
sealed, for less aging;

- environment-friendly (use of natural ester fljids
equipped with more efficient on-load tap chandkss
wear, no oil contamination, thanks to vacuum swrigh
for better voltage regulation;

- fitted with intelligent monitoring, including astance to
dynamic rating.

Finally new types of transformers may become more
common in the networks. This is the case of ingacti
transformers, associated to power electronic cderser
which can be used for dynamic voltage restoratioh\f
network, in order to increase the power qualitytigmtion

of voltage sags). Paper 899 proposes an improyection
transformer design, with the addition of an auxyliaoil
(used as a dc reactor) to limit the transformarshrcurrent
that is supplied by the converter.

A similar type of system is presented also in pdf2&9 of
Block 3, for use as a portable voltage regulatot Vh
networks.

Smart substations and testing
(4 papers)

Paper 130 gives an overview of the offer of modern

solutions available for intelligent transformer stdtions

ready for the Smart Grids:

- switchgear with sensors plus remote control and
monitoring;

- remote terminal unit (RTU);

- communication and automation systems.

Some topics are listed as still in discussion,: like

- need for distribution transformers with automatp
changers?

- use in overload of transformers with monitoring?

Paper 405 presents the implications for compactrstary
substations (CSS) of the zone concept introducquhper
622 in Session 3. Zone dividers can be circuitkees
load-break switches or disconnectors with remote
communication and local intelligence for protecticontrol

and measurement. The use of circuit-breakers as zon
dividers is recommended as they allow operatiariosed
ring, to reduce the losses.

Smart CSS are the key nodes between zones: théitede
with (voltage and current) sensors, fault passagjeators,
ring main unit (RMU) controller, communication withe
Distribution Management System (DMS). In the futtive
CSS controller will also take care of the transferiand the
LV switchboard. Solutions must also be made avksl&dy
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the upgrading of existing substations.

Light substation Pole moun

Recloser station
pzrsdely )

kik
Fig. 9: from paper 405, the Zone concept.

Paper 205 reports on tests and field trials resitise the
presentation of the smart MV/LV substation at CIREID9
(paper 776).

The main features of this smart MV/LV substatioa:ar

- control of voltage pollution;

- demand response;

- local control and monitoring;

- electricity storage system;

- step-less control of the voltage level on LV simart
transformer);

- bi-directional communication between home apksn
and the substation.

The test results are satisfactory for the main tions of
voltage control, harmonic damping and active power
control.

This smart MV/LV substation has been tested atRlle&
Power Grid Lab of KEMA. This laboratory is presehte
paper 386, which describes the new testing faesliteeded

to validate the Smart Grids components. For these

Table 2: Papers of Block 2 assigned to the Session

components must be performed, not only traditipoater
testing, but also digital simulation and model fregition.
The means of the laboratory allow reproducing thd g
conditions, including in abnormal situation (e.gghh
harmonic content). Examples are given of testsoperdd
on three types of components: power electronic& (gr
inverters), conventional components confrontectte grid
conditions (distribution transformers) and counteasures
(fault current limiters).

Potential scope of discussion

Fault current limiters: what is the potential market? How
to compare the different available technologies?

Electric vehicles: what are the best solutions for safe,
damage-proof and cost-effective charging statibtm® to
provide locally the high power needed for fast gieg?

Dynamic thermal ratings: are these solutions mature
enough to allow deferring network reinforcements?

Monitoring of distribution network operation: what is

the proper balance between the cost of sensorsbgmim
accuracy) and the level of information required fhe
network management in the presence of distributed
generation?

Condition monitoring: what could be the main driver for
the development of condition monitoring: the ageafg
network components or the widespread availability o
communication means linked with the implementatién
smart grids?

New components for new network structureswill smart
grids imply the implementation of innovative netkor
structures associated with new network components?

Paper No. Title MS | RIF | PS
a.m.

0456 (GB): Fault Limiting Technologies in Distrilrt Networks X X
1162 (IT): The ECCOFLOW project: Design and simiolag results of a Superconducting Fault X X
Current Limiter for Operation in Electricity Netwar
0339 (IT): Development and testing of innovativellF&urrent Limiters for Distribution System X X
Applications
0352 (DE): Nexans' Superconducting Fault Curremitiers for medium voltage applications - status X X
and prospects
0680 (US): Saturated-Core Fault Current Limitedd-EExperience at a Distribution Substation X X
0801 (KR): The Test and Installation of Medium GIé22.9kV) Hybrid type Fault Current Limiter X X
in KEPCO Grid
1256 (NL): Breakthrough in development of superaanithg cables X X
0494 (DE): Local Intelligent Circuit Breakers — AeiN Concept for the Refurbishment of ExistjngX X
Distribution Network
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0055 (IR): Application of Voltage Source Converteéos Manage Power Flow and Enhafice X
Operational Performance of a Microgrid

0603 (CN): Parameter Coordination of Modular Melt#l Converter for Robust Design during DC X
Pole-to-pole Fault

1098 (DE): Comparison of Cascaded H-Bridge Convedad Modular Multilevel Converters for X
the use in Medium Voltage Grid Connected Battergrgp Storage Systems

0278 (GB): H-Bridge modular multilevel converter figh-voltage applications X
0693 (CN): A universal power electronic interface diistributed generation and electric vehigles< X
0531 (PT): Technical Solutions for Electric Vehglategration X
1295 (DE): Green e-Motion - Adaption of E-Mobilityfrastructure to Mass Market Requirementx X
0918 (GB): Dynamic thermal ratings: The state efaint X
0502 (PT): Increasing the operation efficiency BFEDistribuicdo Overhead Power Lines X
1219 (NL): Experiences with a Self Learning Exggystem (SLES) for dynamic rating of power X
transformers

0495 (DE): Dynamic Thermal Simulation of Gas InsetaSwitchgear X
1091 (ES): Advanced sensors for the Smart Grid: toadeal with existing switchgear in secondarx X
substations

0822 (CH): Applications of Low Power Current andlitdge Sensors

0223 (KR): Intelligent distribution equipment fauit anticipation of distribution network

0234 (GB): Pressure monitoring techniques of vacinterrupters X
0501 (IT): Smart eVolution, simplicity and reliabjl in the MV distribution network with X
IEC 61850

0258 (KR): The development of CT integrated Elettraneter X
1121 (HU): Distribution transformers - ready foet8mart Grid X
0051 (DE): New and innovative Smart and Green Toamger Technologies X
0899 (ES): An improved power transformer designdigmamic voltage restoration applications X
0130 (DE): Intelligent Transformer Substations indérn Medium Voltage Networks as Part of X
"Smart Grid"

0405 (NO): Compact Secondary Substation in a fuedium Voltage Distribution Network X X
0205 (NL): Laboratory and field trial experienceighva smart MV/LV substation

0386 (NL): Performance evaluation of equipment ursgwere grid conditions

Block 3: “Evolutions of standards and specificatios,
trends _in_network components for cable links and
overhead lines”

The 31 papers of this block have been classifiel fiour
main categories:

- Evolution in Standards

- UG MV systems: Cables and components

- Over Head Lines components

- Other points on LV and MV networks

Evolution in Standards
(7 papers)

Products developments are obviously driven by stadxd

CIRED2011 Session 1: Network Components

and vice versa. Eco-design is now more and more

considered in the design of electrical and eledtron
equipment in Europe (paper 26). Incompatibilitieg a
pointed out between some international standardisated
to switchgear and their real use in DNO'’s. The etioh of
added functions to the distribution network — Sritls —
should impact MV network components standards.

Paper 26 presents the state of the art of regukatmd
standards in the field of eco-design to be apphideurope
for electrical component development. Since thdyear
2000’'s some European
international standards have to be considered glurin
development processes. The use of hazardous soéstan

energy and water consumption should eventually be
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included in design process. Generalization of ratijuhs
and standards should reduce environmental impéca bu
reliable monitoring tool will likely be essential follow
evolution of these rules.

Four papers highlight some questions dedicated to
switchgear and its environment, either regardiagdard
incompatibility with DNO’s uses (papers 950, 971) o
concerning specification (papers 87, 842).

Paper 950 reports about the impact of MV secondary
substations on operating conditions and designhef t
switchgear. MV switchgear standards requirememsise

be more adapted to industrial networks conditidrent
DNO's: number of operations, service continuity dae
various cable technologies and SF6 pressure imdicich

a situation can induce some economical damages.

Paper 971 presents a study on life time estimaifddF6
MV metal enclosed switchgear according to on-site
conditions in DNO'’s networks. Four stages are psego
determination of temperature profile, determinatidrthe
SF6 leakage model versus temperature, model appfica
real conditions and lifetime deduction.

Paper 87 points out difficulty to test complete MV
installation (switchgear and cable link) when ifisth or
repaired before (re)energizing. Some clarificationests
procedure and levels can be brought with the new
IEC62271-200 standard. Cable testing operatidkelylto
take into account switchgear standards and vicgaver

Paper 842 presents the SYNERDIS group common
specification of MV switchgear. The new specifioat the
structure of which is based upon IEC standard dectim
addresses harmonization of functional requirenfenthe
current needs, future functions and constructiosigie
(Smart Grids), also type tests and requirementstter
conformity assessment.

Paper 140 reports on basic principles of hazardrashd
assessment and presents an assessment methodizegtom
for HV switchgear.

us | EU | Korea |
#CA: Proposition 65 #RoHS, 4 Extended Producer
#CA: E-Waste (SB20) | | ¢ WEEE Responsibility
#Other States ... SEUP * Eco Assurance
®REACH yEin
) =

China/7 1> 711 vy
®WEEP W /0 W7 Japan|
#Chinese RoHS WROHS like regulation
T #Product Recycle Law
#Eco-design (voluntary)

Fig10: from paper 26, Product policy spreads worldwide

Paper 1118 relates the quality policy within ESgargling
procurement of network components through the dse o
some key factors: quality criteria in the tendexcéfication,

CIRED2011 Session 1: Network Components

factory inspections prior to contract award, rogitimd type
tests as standard contract requirements, ongaiegsment
of equipment performances.

Underground MV systems: cables and components
(11 papers)

Three papers dedicated to Medium Voltage cablégries
performance improvement: papers 37, 345 and 679.

Eco design or economical concerns are at the ooigihe
two projects presented in papers 37 and 345.

Major reasons to upgrade a 10 kV network are, as fo
similar experiences in Germany and China, the ptessi
capacity increasing and investment postponemene¢ Th
paper 37 proposes a 3-steps program to investihate
feasibility of upgrading a 10 kV network into a R@ one:
theoretical study, experimental testing and fielsting. A
decision model is also proposed: 1) No Go, 2) dhé
cable but with 20 kV accessories, 3) all the systambe
switched up to 20 kV.

A new insulating compound using HTPE (High
performance Polypropylene Thermoplastic Elastomer)
replacing XLPE, is proposed in paper 345. Authaan

the various development steps engaged since 2068, T
compare the benefits of this material compared tPK,

i.e. — some of them — recyclability (it's a therrfagtic
compound), reduced production throughput time awedgy
consumption.

In the idea to provide information on the remaitifegtime

of old XLPE cables generations, authors of the p&@8é
present new results obtained with a 3 kHz accealdrat
growth of water trees in MV XLPE cables. Water tree
phenomenon observed on cables from field can be
compared to the one observed in cables submittédeto
tests. 3 kHz test results were also compared tentades
obtained after 2 years test at 50 Hz and after dtinsoat
500 Hz, authors propose this test as pre-qualificégst for
new cable or new insulating materials.

Polymeric materials are key components in cablgdesd

for the expected associated electrical or mechhnica
performances. Four papers address this importait to
under either matter with some environmental corgern
(papers 982 and 203) or cable performance (pa@érard
40).

Paper 982 presents the possible use of a newdflase-
friendly plasticizers for flexible PVC derived from
renewable sources. A life cycle model, presentguhjper
203, has been developed and shows an interesstroto
ownership for tree retardant XLPE compounds contpiare
other current compounds used in MV cable produclibe
model takes in consideration: cable and instaltatiosts,
expected cable life, end of life criteria, costrepairing
failure, cable losses.

Outer sheath integrity is a key parameter in tHeechfe
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time: paper 779 proposes a methodology to evalingte
durability of HDPE sheath of electrical cables. &agthows
that PE thermal oxidation kinetics is affected btjaxidant

vanishing which induces an increase in the PE Bheat

hydrophilic behaviour. Further step in the relagealy will
be to build a general kinetic model for lifetimegiction of
HDPE outer sheaths.

Paper 40 presents a novel nanocomposite insulating

material for enhancing the performance of AC orgo@er
cables.

Cable accessories (4 papers)

Localized at interfaces between cables or betwaigie and
switchgears, accessories are submitted to a leabus

constraints in electrical, mechanical, and thermo-

mechanical domains. Their reliability is, apart nfro
installation process, linked with obviously theasign but
also materials behaviours and operating conditarthe
network.

The four papers dedicated to accessories eithgropeo

some experience from field (paper 884), presentesom
characteristics and performance of Silicone Rubber
compounds used in MV accessories (papers 100 dakjd 34

last but not least paper 290 shows the interastohanical
connectors use in MV accessories.

Fig.11a: from paper 884, Coctor extension hen the

force is about 6 kN. The potential degradatiorhefpaper
insulation is very likely in case of a cyclic load.

WS Geleidgfs ilggbogen nohing ofsohat

Fig. 11b: from paer4, Field resiJIta
shown in previous Figure, which failed in serviagedo
conductor extension.

The effect of high current loads on joints in th¥ lgables
systems is presented in paper 884. After breakdowy/
joints, Dutch DNO'’s decided to investigate theitvmarks
background. High load — and especially high cycloag —
generates high mechanical forces from the condirctbe
joint body (see pictures). It raises the questioreproduce
in standards (type tests) conditions close to apalation
service ones in a reliable and representative way.

Silicone rubbers —SiR- are among the good matarszld

in MV accessories, as they are well known for their
hydrophobicity, ozone and UV resistance. Paper 100

presents good long duration tests results aftey&abs at
1.5 times UO. Neither breakdown nor flashover ocir
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similar joint as

during the test.

Electrical resistivity and contact resistance adcéiical
conductive silicone rubbers are presented in pag&rthe
electrical resistance of the interface metal/cotidec
silicone rubber are evaluated versus the contasispre.

The use of mechanical connectors for MV cable awes
becomes more and more frequent; paper 290 pretents
role of some key parameters in connector performand
reliability. Connector material and design, bolttenal,
design and number, conductor material and desamact
pressure and fastening torque are the bases oftimector
reliability.

Fig. 12: from paper 290, a few representatives of MV
cables and mechanical connectors

Over Head Lines and associated components
(9 papers)

Polymers are more and more used for insulatorsanisof
porcelain and on covered conductors installed ier®ead
Lines. Seven papers present the behaviour of raktesed
in spacers (papers 452, 1222), insulators (padets708,
1266 and 1276) and cable when faced to either teallar
coastal areas environment (paper 1073). Two papessnt
materials alternatives for poles (papers 392 a9y L1

Paper 117 reports on ageing effect on porcelaifdtws in

Alexandria area. The exposure during years to fealland
salted air impacts the electrical behaviour of ieéwvork

and especially induces flashover and dielectrisde®f the
insulators. Cleaning is a solution to recover qugjtod

performance.

Studies on polymeric insulators in polluted areas a
presented in papers 708 and 1266, paper 1276 psesen
performance improvement thanks to the use of nwah
polymers.

Paper 708 reports on degradation studies of vafitis
components using polymers (spacers in HDPE, PEedve
cables, insulators in SiR or HDPE). The resultsiatdoe
used in purchasing specification for a better netwo
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reliability.

Paper 1266 presents the Iranian experience in &ahat
pollution test station with SiR composite insulatogither
hydrophobicity loss nor reduction of electrical and
mechanical properties was observed.

Paper 1276 presents the improvement of lightninmuise
voltage performance with non linear grading coatisgd
on polymeric insulator. The grading material, usinigro
scaled electroceramic particles — called microstars —
have similar electrical properties as ZnO. The ipiaé
distribution and electrical fields were calculatéth a FEM
tool.

Papers 452 and 122 report on spacer used in MV il

covered conductors. Paper 452 presents the Iranian

experience in a complete OHL design (spacers avered
cable designs) and field installation. Dielectoopatibility
between spacer and covered conductor is preserpegér
1222. It shows the interest of using inner semidcmtive
layer to improve electrical stress control at cardu
interface. Similarly paper 1073 points out integfac
electrical phenomena between covered conductorthend
mechanical supports.

Poles are the topic of papers 392 and 1197: ttepfiesents
the interest of using pre-stressed concrete polaras
alternative to wooden and steel poles for LV, M\ &V
networks; paper 1197 shows the interest for Irestavorks
to replace steel towers by wooden ones.

Other points on LV and MV networks
(4 papers)

— Regulator output
— Regulator input

(V)

250
240 -‘
230 i
220
210
200
190
180

11/08/2010
13:28:00

11/10/2010
Meters shutdown around
12 pm
Fig. 13: from paper 1259, results of voltage measuring at

entry and exit of PVRLVN in real situation

11/13/2010
13:28:00

Table 3: Papers of Block 3 assigned to the Session

Paper 499 dedicated to technical implementatiocrads
bounding on underground HV line projects, shows all
possible connection ways for earthing HV cable escse

Paper 240 presents the behaviour of 30 kV OHL thebsf

its neutral conductor, based on simulation it weamsh that
distributed multi grounded neutral conductor is laut
expensive way to take down power frequency earthing
resistance.

Due to single phase feeding, LV networks are umizzd,
paper 781 presents some possible equipments teninni
the unbalance currents effects.

Paper 1259 reports on the Brazilian experiendaduse of
portable voltage regulators for the LV networks.

Potential scope of discussion

Standards and specifications:what are the necessary
evolutions to cover the actual needs of Distribubiztwork
Operators? how to ensure high quality products tver
life-time of equipments?

Eco-design: will the demand for more environmental
friendly solutions lead to major changes in compasiéor
cables links and overhead lines?

Cable links and OHL reliability: how to maintain OHL
reliability in polluted areas? how to deal with tiigeing of
cable links and OHL components?

Paper No. Title MS | RIF | PS
p.m.
0026 (FR): State of the art of laws and standartisd field of eco-design of electrical and eleitr® X
equipment in Europe
0950 (BE): Incompatibility between MV switchgeaméorming to the international standards anc X
their use in DNO's substations
0971 (BE): Life time estimation of SF6 MV switchgesccording to on-site conditions in DNQ's

CIRED2011 Session 1: Network Components
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distribution networks

0087 (FR): New specifications on MV switchgear dable test features X

0842 (FR): SYNERDIS group common specification of Bvitchgear and controlgear (RMU) for X
MV/LV substations
0140 (DE): Hazard and risk assessment of HV sw&ah@ssemblies - a vital point for productX X
safety
1118 (IE): Treatment of Quality in Utility Speciéiion and Procurement of Network Equipment X

0037 (NL): Investigations towards the upgradingeristing 10 kV cables and accessories to aX X
operating voltage of 20 kV
0345 (NL): Introducing High-performance Polypropye Thermoplastic Elastomer (HPTE)X X
insulation for MV cables in the Netherlands
0679 (BE): New Test Results with 3 kHz Accelera@rdwth of Water Trees in Medium Voltage X
XLPE Cables
0982 (US): Dow Ecolibriut" bio-based plasticizers for flexible PVC X

0203 (GB): A Life Cycle Analysis Study of Competity/ Cable Materials X

0779 (FR): Methodology for evaluating the durapitit HDPE outer sheaths of underground elegtric X
cables

0040 (EG): Novel Nanocomposite Insulation Materfalsthe Enhancing Performance of Power X
Cables

0884 (NL): The effect of high current loads on jsiim MV cable systems

0100 (DE): Long term behaviour of outdoor termioas made of SiR

0341 (DE): Electrical Resistivity and Contact Resise of Electrically Conductive Silicones

0290 (DE): Reliability of mechanical connectors foedium voltage cables X

0117 (EG): Study and Investigation of Medium Vo#agolluted Insulators In Alexandria X
Distribution Grid
0708 (BR): Degradation studies of polymeric insmigt Products performance requirements

1266 (IR): Assessment of in service composite atsu$ in very harsh coastal environment of Iyan: X
Laboratory & Field testing
1276 (GB): Performance of Nonlinear Grading CoatimgPolymeric Outdoor Insulators under X
Lightning Impulse Voltages
0452 (IR): Design and Installation of First 20 kga®er Cable in Iran X

1222 (BR): Dielectric Compatibility of DistributioNetwork Spacer System

1073 (BR): Methodology for the utilisation of congpaistribution lines in coastal areas X

0392 (DE): Spun pre-stressed concrete poles: aligato wooden and steel poles for low, medium, X
and high voltage
1197 (IE): Replacing Steel Towers with Wooden Pole€SB Networks 110 kV Lines X

0499 (PT): Technical implementation of cross bogdin underground high voltage lines projects X

0240 (TN): Effect of missing 30 kV neutral wire natwork behavior X

0781 (FR): An alternative to the LV network reirdements X

1259 (BR): Portable Voltage Regulator for Low VgkaNetworks X
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Block 4: “Trends
substations”

in__network components _for

The 33 papers of this block are divided betweeedlsub-
blocks:

- substations

- transformers

- switchgear

Substations
(2 papers)

Two papers are presenting new solutions proposed fo
respectively primary (HV/MV) and secondary (MV/LV)
substations.

Indoor air insulated primary substations (alsotfa HV
part) are already known: they are more compact than
outdoor air insulated substations and easier &grate in

an urban environment. Paper 453 shows that the
introduction of HV disconnecting circuit-breakei3dB)
according to the new standard IEC 62271-108 camgbri
more advantages. These combined functions in desing
piece of equipment, together with the use of diseating
links operable under live conditions, allow further
simplification of the electrical diagram, henceduction in

the size of the indoor primary substation. The tesance

costs are also reduced, because DCBs have a higherMV/LV distribution transformers which can be used

reliability and require less maintenance than cativeal
disconnectors.

Paper 477 presents two new designs of underground
secondary substations, respectively for the rurdlaban
areas. These substations are designed and testediag

to the latest edition of the IEC standard for ploefzated
substations, and in addition they comply with thédding
codes (Eurocodes) applicable in Europe.

Transformers
(14 papers)

The first four papers present evolutions and intiona in
the design of transformers.

Paper 984 reports on the development of dry-type
transformers for the 72.5 kV voltage rating. Theirma
technical challenges that have been solved amdi¢tectric
design for solid and air insulation, the inner wviigd
clearances and the reduction of eddy current lo3$esse
new achievements make possible the supply of paver
voltages in the 72.5 kV class in locations werés ihot
considered safe to use oil transformers.

CIRED2011 Session 1: Network Components

i B
Fig. 14: from paper 984, 72.5 kV dry-type transformer
tested to the limit.

Also in the field of dry-type transformers, pape529
presents another development to push further thiesliof
application of this technology. In this case ithie outdoor
application as pole mounted transformer, which has
required a new design of the solid insulation (withair
gap between MV and LV windings, and minimum electri
field at the surface of the insulation, which i screened
by a conductive coating). Also corrosion resistancthe
magnetic core had to be addressed: salt fog agestg)as
well as long term outdoor tests at the KIPTS intBédrica
have proven the good corrosion behaviour of this ne
transformer.

Paper 297 shows that the use of high temperatsuésition
materials (solid and oil) allows design of comp&@d kVA

replacement of 200 kVA transformers without requgra
change of the supporting structure. This is arcieffit way
to upgrade overloaded transformer substationgite sf
the increased cost of these high temperature tramsfs,
compared to conventional 400 kVA transformers.

Finally paper 86 introduces an improved coolindesysfor
HV/MV power transformers. These transformers use
electronically commutated DC motors for the fankich
can be controlled with a variable speed by the manig
system. The new solution features several advasiaggr
the conventional one (fans driven by AC asynchrenou
motors): less wiring and losses, more constant ¢éeatpre
hence less breathing, better overloading performanc,
last but not least, reduced noise emission.

The next three papers put the focus on the usearfdous
magnetic material for the core of transformers,clvhis
known as an efficient way to reduce no-load losses.

Paper 227 reports on the field trial launched bypERNd
EnBW to test amorphous metal distribution transfensn
(AMDT) complying with their specifications in terncf
losses, noise and short-circuit withstand. Thial ttest
campaign also aims at encouraging European mauntgast
to develop cost-effective AMDTSs that can demonstthé
economic viability of this technology, taking ind@count
the total cost of ownership, which includes thespre value
of losses over the lifetime of the transformer.

Paper 523 compares two solutions for increasing the
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efficiency of single-phase distribution transforsased in
the rural areas of Brazil. The load of these trammsérs is
low, hence the reduction of no-load losses isdahget. The
first solution is to use amorphous metal corehistresults
in a significantly higher manufacturing cost. A sed
proposed solution is to use standard transformetis w
increased short-circuit impedance: the manufadurast is
only slightly increased and the total costs (incigd
capitalised losses) of both solutions seem simfamples
of both types of transformers will be installedtie field for
further technical and economic evaluation.

The third paper 1145 presents a life cycle asseggheA)

natural ester-based dielectric fluids for transfersnwith
high oleic content are more stable against theoxidhtion,
and also that these fluids slow the ageing proocEpaper
insulation, when compared to mineral oil.

The distribution transformers subjected to the rgyédsts
reported in paper 775 were filled with mineral aid
equipped with optic fibre sensors for temperature
monitoring. A correlation has been established betwthe
loss of life and some indicators of ageing, likesgived
gases in oil and degradation of the paper. A pamtin
indicator of the cellulose degradation has beenddo be
the 2-FAL content in oil. These tests have alsdiooed

study which has been conducted to compare standardthe good ageing behaviour of hermetically sealed oi

distribution transformers and AMDTs. AMDTs use more
material but generate less losses in operatiorcésfy at

low loading. Taking into account the recyclabilifymetals
and using the global warming potential (GWP) impaxt
the main indicator for the LCA, it is shown that ANIs
have a significantly lower environmental impact rtha
standard transformers, in spite of their larger age
resources and higher manufacturing cost (the total
ownership costs, including capitalised losses, are
comparable for both types of transformers).

The increasing use of vegetable-based dielectridlin
transformers is the topic of the following thregees.

According to paper 1148, one main advantage ofrabtu
ester fluids (besides biodegradability, carbon radity and
fire safety) is that they reduce the ageing of letson
paper, hence they allow operation at higher tentpers.
Transformers using these fluids can thus be dedigise
high temperature transformers, which results in emor
compact and lighter transformers, lower costs aBd use
of materials.

am v

Fig. 15:from paper 1148, external and internal view of the
88 kVA natural ester transformer.

Paper 39 reports on the development of a new Vielgati

fluid for transformers which does not use synthetiti-

oxidants to stabilise the oil against oxidation hégh

temperature. This vegetable oil is characterised bijgh

content of oleic acid and a refining process tlesps the
natural anti-oxidant agents. This fluid presentg@sd or
better oxidation stability than other vegetabldlaitls, and
better biodegradability with lower toxicity.

Finally the results reported in paper 1253 conftimat
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distribution transformers.

Thermal modelling of oil transformers is the topfgaper
361, which presents thermal simulation by compoitezi
fluid dynamics (CFD) software of the heat remowaihf the
windings of core-type power transformers. Theloifhas
been properly modelled and the simulation allows to
understand the reasons for poor cooling efficidirtgase

of flow inversion) and to optimise the design, tésg in a
significant drop of 6°C in the hot spot temperature

The last two papers in this sub-block deal withitfleence
of the installation conditions of transformers.

Paper 197 reports on design and testing of a fully
underground distribution transformer substation for
application in large cities, when reinforcementtioé LV
grid is needed. Thermal modelling and testing Haesen
important in determining a proper design of thessaiion
and the loading capability of the transformer. Satitory
results have been achieved at a cost that is higaemwith
conventional substations but acceptable for spledations
with space constraints.

Paper 309 reports on the investigations performed t
evaluate the influence of solar radiation on timegterature
rise of transformers located outdoor. Experimergaults
and calculations show that the loadability can éeréased
by about 15% compared to transformers located én th
shade.

Switchgear
(17 papers)

New designs for switchgear are presented in tisé fiine
papers of this sub-block.

In paper 468 ENEL introduces its new specification
SF6-insulated ring main units (RMU) which are
characterized by the use of circuit-breakers imstédoad-
break switches for the line functions. The higher
performances of circuit-breakers allow the impletagan

of an automated fault detection system which resltice
time needed to isolate the faulty section of a ginguit.

In paper 1096 can be found an good example of local
innovation that meets well the requirements of tiegv
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emerging countries. Basically an automatic ciroetfoser
has been made vertically disconnectable to prozidihe
functionalities required for a circuit-breaker bayutdoor
substations for rural electrification. Modern cahtand
communication equipment is part of the offer, wigel be
interesting also for other markets.

Fig. 16: from paper 1096, Integrated Switching Device in

isolated position.

Paper 77 reports on the development of a speciigiss-
insulated switchgear for offshore wind farm appima.
Some of the special requirements that have beem iako
account are the corrosion resistance (due to sglithe
vibrations withstand (for transportation) and thteinal arc
protection concept (due to the installation in tlispace).

In paper 489 a switchgear manufacturer shows hewfth
cycle assessment (LCA) tool is applied to improke t
design of MV switchgear and reduce their envirorialen
impact.

Paper 1075 gives an example of implementationeohdw
specifications for cable test features in MV switear
which were presented in paper 87 of the previooskol
This paper reports on the development of cablentest
devices incorporated in the switchgear in orddatditate
the performance of cable tests without interfexiip the
cable connection. Considering the advantages eéttest
points in terms of safety and ease of operatiog thié
probably tend to become a standard, rather thaorabt
feature for the switchgear connected by meanssofated
separable connectors.
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The next three papers are related to new develaisnmen
the field of solid insulated switchgear, which issidered
as a possible alternative to SF6 insulated switahge

Paper 260 reports on the development in KoreaM¥a

solid insulated switchgear which is characterizgd b

- the use of screened epoxy and silicone rubbed sol
insulation in replacement of SF6 gas;

- amodular concept which allows various configiara
to be implemented by combining the different module
(disconnector, earthing switch, circuit-breakec, et

Paper 333 reports on the benefits of using a pg&esared
MV metering cubicle for use with screened soliduiaion
switchgear. The main advantages are reduced sazeh h
environment withstand without maintenance, readirfies
smart metering. This type of prefabricated solutisn
capable of covering most applications when distidou
network operators use functional specification dachot
define in details which type of current and voltage
transformers are to be used in the metering cubicle

In paper 1248 is presented a new type of busbarsecting
system developed for screened solid insulatiorchgéar.

This system is characterized by a flat interfanstead of

the conventional conical interface, which bringgaadages

in terms of compactness, ease of assembly and large
positioning tolerances for the interfaces to beneated by

the busbars system.

Fig. 17:from paper 1248, E-field plot in the flat interface

A new concept of diode based capacitor switch was
presented at CIRED 2007. In paper 839 are presemtesl
test results with this device and the experiendeeghin a
pilot installation for back-to-back capacitor switeg in a
13.8 kV system. These results confirm the supdyiofithe
diode switch concept for switching capacitor bankih
reduced current and voltage transients, even whrepared

to synchronised switching by special vacuum circuit
breakers.
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The next three papers are related to various aijait
aspects for MV switchgear.

Paper 91 focuses on the behaviour of MV air inedat
indoor switchgear depending on the installationditoons.

It is important to characterize the severity of sthe
conditions (in terms of condensation and pollutiand
improve them when possible (this is often relatihedsy).
Accelerated ageing tests are also a way of chedkiag
behaviour of switchgear and improving the desigfh. O
course in the most severe cases gas insulatechge#c
remains the obvious option, but air insulated dvg&ar is
less costly and more flexible and can be selectezhvthe
installation conditions are suitable.

Paper 488 discusses the application of vacuum itircu
breakers (VCB) in inductive circuits, like MV motor
switching during the start phase. This switchingragion
may generate overvoltages due to multiple re-igngiand
virtual current chopping. It is possible to accelpsimulate
these phenomena in ATP-EMTP software, with the
electrical parameters describing the VCB behaviour
obtained from test measurements. These simulatans
then be used, for a specific application circoitétermine
the suitable overvoltage protections, such as saanmgsters

or RC snubbers.

Another aspect related to vacuum circuit-breakeTBYis
discussed in paper 439, which is the bouncing hiebaef
the vacuum interrupter contacts. The involved phestta
are presented and some test results are given wdiiciate
that probably resonance effects can explain they lon
bouncing durations sometimes observed in no-lcsd. t©n
the other hand it is shown that no adverse efféthe®
contact bouncing is noted when circuit-breakere passed
successfully the type tests for short-circuit angacitive
currents switching. Therefore it is concluded ha not
relevant to define in specifications a maximum bzog
time, such as the 2 or 3 ms prescribed in China by
GB 50150 for MV VCBs.

The next four papers are related to the protectgmainst
internal arc fault in MV switchgear.

Paper 1170 provides a good review of the intermal a
protection topic in MV switchgear and substatiofke
evolution of IEC standards in this respect is pmese
Some test results are also given for testing adogrth
conditions newly defined in the next edition of IB2271-
200 (single phase to earth fault) and also in dandi not
covered by the standards (e.g. open compartment).

Paper 1137 presents solutions developed for reducin
overpressure inside the switchgear room in caggerhal
arc, when exhaust ducts to the outside of the ramot
possible. Suitable arc energy absorbers have hmerd f
effective in reducing the temperature of the exhgases
and the pressure rise in the room: their adaptatiawo
types of MV switchgear (air insulated and gas iatad) is
described.
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Another, and possibly complementary, approach is
presented in paper 385 which describes an actige ar
protection system. It consists in arc sensors {(leyd
current), in a specific arc protection relay withslaort
operating time of 2.5 ms, and a fast acting eagtbimitch
driven by a Thomson coil mechanism (closing tingen3s).

It is thus possible to short-circuit the arc irslésan 10 ms,
and in this way to reduce a lot the dangerous &ffetcthe

arc fault, compared to a fast acting protectioa Bycycles
(50 ms at 60 Hz) circuit-breaker.
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Fig. 18:from paper 385, composition of the Arc Protection
System.
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In paper 1326 are reported some advances in ittaroa
simulation for pressure rise and structural respanghe
compartments subjected to an internal arc. Although
simplified, the proposed method does not need ¢oaus
empiric energy transfer factor (that can vary frome
configuration to another) as an adjustable paramatel
shows good agreement between calculations ane sests.

In paper 492 the same authors present improverteetite
thermal network method (TNM) which has been already
described at the previous CIRED conference in Zpaper
637). This method was then successfully appliedhto
thermal modelling of gas insulated switchgear.
application to air insulated switchgear where catioa
flows are more important and variable it has beamd
efficient to combine it with CFD simulations on gilified
geometries to get the proper velocities which bea tused
as parameters in the convective heat transfer atsroéthe
TNM.

For

Potential scope of discussion

Transformers: what are the major technological changes
that can occur in this field? dry-type insulaticersus oll,
high temperature materials, amorphous steel core?

Switchgear: what should be the respective applications of
circuit-breakers and load-break switches in secgnda
substations? is there a trend towards an increasedf
gas-insulated or solid-insulated switchgear inriigtion
networks?

Safety in the case of internal archow to compare the
different approaches, internal arc classificatiof o
switchgear or use of personal protective equipnpassive
means or active protection by fast acting devices?
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Table 4: Papers of Block 4 assigned to the Session

Paper No. Title MS | RIF | PS
p.m.
0453 (SE): Innovative Compact 145/12 kV Indoor Wisulated Substations (AIS) X X
0477 (FR): New underground HV/LV prefabricated satisns for better integration in the X
environment
0984 (DE): Dry-type Transformers for the 72.5 kVItge Class X
0952 (US): Dry-type Transformer for Pole Mountedohgation X X

0297 (PK): Development of pole-mounted distributibansformer with aramid insulation for
increased capacity and reliability of power disitibn network

0086 (DE): New trends in noise reduction of powansformers X
0227 (FR): Amorphous Distribution Transformers Tiliast Campaign X

0523 (BR): Efficiency and Economical Viability ofoGntryside Transformers Based on Per¢ent X
Impedance Optimization and Amorphous Core

1145 (CH): Life Cycle Assessment of Dry-type andli@imersed Distribution Transformers with X

Amorphous Metal Core
1148 (US): Sustainable Electrical Energy using RatHster Technology

0039 (ES): Oxidation stability of non inhibited \etgble transformer liquids

1253 (US): Aging Performance of Natural Ester-BaBeectric Fluids for Transformer System

1"2)

0775 (FR): Accelerated ageing for a MV/LV distritout transformer equipped with optic fiber

0361 (PT): CFD analysis of CORE type power tramafms X
0197 (NL): The full underground distribution traosher in practice X
0309 (RS): The Influence of Direct Insolation ontlor Power Transformers Loadability X
0468 (IT): A low-cost high performance MV RMU witlircuit breakers for use in remote controljedX X
MV-LV substations

1096 (IN): Integrated Switching Devices X X

0077 (ES): Evolution and development of medium agdt equipment for special wind farm
applications.
0489 (NL): Sustainability in medium voltage switelag X

1075 (NL): Integrated Cable Test Facility In Comipleledium Voltage Switchgear X
0260 (KR): Development of Solid Insulated Switchgea Medium Voltage

0333 (FR): Compact metering solution withstandshanvironment

1248 (FR): Benefits of innovative MV interconnectystem X
0839 (SE): A diode based capacitor switch - a negkltion for power quality improvement X
0091 (FR): Installation conditions and improved Mivinsulated switchgear are key factors for an X

extended service life
0488 (DE): Switching of small inductive currentsngsvacuum circuit-breakers

0439 (DE): Performance of Vacuum Circuit-Breakeith ontact Bouncing during Closing X

1170 (NL): Developments for maximum safety in mediwoltage substations regarding internal arcs

1137 (DE): Solutions for Internal Arc protectiorcatEC 62271-200 with pressure relief into the X
switchgear room for Gas and Air insulated mediuttage switchgears
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0385 (KR): Solution for internal arc flash hazamisir insulated switchgear X
1326 (DE): Simplified Internal Arc-Structural sinatibn X
0492 (DE): A novel approach for the thermal analydiair insulated switchgear X
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