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and ends up with the effircuit tabs in MV/LV transformer,
ABSTRACT which are not intended for everyday adjustments.
The problem of the network voltage profile in distribution
network without DER is solved in distribution transformer
substation where the voltage regulatiothis samdor all
the feeders routed from one substation. By adding DER to a
LV and MV distribution network this procedure of
controlling the network voltage profile is insufficient
because of uneven distribution of the active power
In Fig. 1, a simple example of a network with DE&
shown. The power netwbihas got three feeders which are
subsets of one substation and they have connected a
different number of DER on different locations over the
feeder. Every DER which is connected on the feeder
linearly increases the voltage value along the entire feeder
ard represents a local extreme in the network voltage
profile.

This paper describea concept for controlling voltage
profile in distribution network with dispersed energy
resources (DER). This concept is based on fast
communication links between checkpointthvei help of
non-conventional instrument transformer (NCINC1 T 6 s
main advantage is the possibilttyadapt measuring points

in high voltage power netwoskwith new conditions
regarding impact of intermittent renewable resources,
harmonic distortions del to switching apparatysmart
grid systemsnd satisfy the requirements fprompt and
accurate meas@ments in wider frequency range with
higher dynamics It can also providemore reliable
operations Advantage of this concept is in establishing a
reliable distribution networkwith proper network voltage
profile.
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Overall economic growth caused increased energy
consumptionof about1.7% per yeabetween the years
19972007 which caused a growth inelectricity
consumptiorof 32.8% Thisis forcing the worldtoimprove
electrical power grid and to increase the production of
electricity. Thisssue can be solved bgnnecting a number

of DER into existing electrical power grid on middle (MV)
and low voltage (LV) netwosk[1] which unfortunately Fig. 1. Network voltage profile without any intervention
affectthe power network reliability and the network voltage

profile stability [2]. It may alsacausea serious damage on  The graph irFig. 1 shows the network voltage profile where
devices owned by the distributors as well as the users. it can k& seen how the voltage varies with the length of the
I'n the Aol do p omtheut DERr thed nfeedeyenly feeder 1 is insidéegally prescribedimits 1
problem with the network \tage profile was solved inthe ~ between 0.9 and 1.1 per unit (pulp avoid this scenarja
distribution transformer substatignghere the voltage was ~ new concept of communicati@amd regulatiomechanisms
equally regulated for all feedetiatwere routed fromone  in distribution networks presented

substation. This approach for controlling the network

voltage profile is inappropriate in the powerwetk with CONCEPT

DER because of the different distribution system structure. - . . .
~ R ; The existin Rowe grld network has .a wide variety of
The Aol do power gr islchaway uc/{ ? fi S

. : quglll{le% but unfor unatel)'/ if dls5 Eontdind one negative
thatthere are producers of electrical eneogyone side of N .
. ) featurei the network does not receive any feedback from
the network and the consumers on the other side. This type o -
. . . . MV and LV users. The solutiolies in establishing a
of netwokshas many positive qualities, for instance a linear . : — :
) network of inbrmation and communication technologies
voltagedecreasdérom the transformer station to the end of . - )
- . (ICT) which will link together each element, especially the
the feeder. Thereforéhe distributor of the electric power ! - ST
elements of production, transmission, distribution and the
must ensure that across LV feeder the voltage value does -
. o . . enduser of the electricity power network.
not exceed legally presbed limits. This process begins e .
; , i I Every distribution network contains several levels of
with the configuration of oioad takchangers (OLTCY)) communication (real time, nemal time and time
in transformers between the high (HV) and MV netvgork '
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independent). The proposed concept consists of all these
types and is based onthe fastcommunication system
betweerthe multiplesubstationand the control centéFig.

2).

The structure of the example distribution sysieshown in

Fig. 2, where two types of communication linesommand
andtaskare appliedThe tasklines are requiredor the
exchange ofmeasuremest and settings betweerthe
checkpointsandthe Area Control Centre (AC®here the
main monitoringtiakes place. This communicatienables
supervision anaéxchange of informatiarDue to thefact

that command lines transport crucial information for
functioning of thedistribution network betweesubstations
(such asntelligent electronic devices (IED) and advanced
metering infrastructure (AM}) they get highest priority in
communication.

This concept solves two key issues. The first is establishing
the comnanication in distributiometwork It is a system
which improves the overall situation view, the optimization
of the power network and also responsiveneben a
detection of any serious errayscurs[4].

The second issue ithe controlof voltage profie in the
entire distribution network. Theléa to achieve this goal is
to install a control bokefore eaclsubstationfeeder, user,
andDER, which is composed of two separate components
(embedded PC and measuritgntrolling e@nter). This
equipment ismarked with ablack square inFig. 1 and as
PCCI inFig. 2.

Area
HV Control Center

———) Command line

Task line

PCCITS &4

Feeder #1 Feeder #2

Fig. 2 Communication in low voltage network with DER

One benefit of this structure it itacison the spot, which
is convenient for meeting otheonditions andequirements
of distribution systemwith DER [5]. All control boxes
mustbe:

1 Fasti the system shouleact as soon as possible
and thereby prevent damage to the remaining
equipment

1 Reliable i the system shoulavork properlyin
abnormal conditionsr even ifanerror occurs in
this system.

1 Sensitivei the system shoulde able todetect
abnormal situations which exceed nominal
permitted valus
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Selectivei the system should swgh off only a
defective part and thereby minimizethe
consequence @nerror.

Automatic 7 the system shouldreact in
combination withthe ACC to adapt network
parameters.

Easy to install and maintaini thesystem should
operate on fApllesy and pl ay
Integration into the existing control systemi
thesystem should beompatible withtheexisting
control system.

For abetter understanding, we will call this IEDPoint of
Common Coupling Interface (PCCI).

The concept is demonstratedaidistribuion network Fig.

2) where five different types of PCGtlepending on the
layout and functiopare installed Every network has
specific voltage profile which is formed by thpgesent
location of DER. To maintaiproper voltage profileve
need checkpoints withninstalledPCCI Theyconsist ofa
merging unit (EMU) and securiyegulation mechanisms.
It is essential to ensurealtime communication betweeail
PCCI, which requirs interaction data for the proper
functioning of algorithms for regulatioof the network
voltage profile. It is crucial that securtggulation
mechanisms have realtime measurements These
measurements cannot be ensured with conventional
transformers therefore NCIT is presented. Rieaé
measurementare provided with EMU or in combination

with NCIT in substations.

NON-CONVENCTIONAL INSTRU MENT

TRANSFORMER (NCIT)

Conventional instrument transformers, whicvereliably
performed their tasks for many decades are not a suitable
choice in forthcoming operation of electreenergetic
systemTheneed for prompt and accurate measurements in
awider frequency range, higher dynamics, safer and more
reliable operatioscalls for anew generation of instrument

transformers. Major issues regardingconventional

instrument transformsiare:

f
f

=a =4 -8 =9

f

Many variations for different purposes (transient,
di fferential, meteringé)
A lot of copper and transformer sheet metal is
used.

Theydemandsolation

Environmentdly hazardous technology (ail)
Hazardous faultéexplosions when overheating)
Big, heavy and expensive due to copper
transformer sheebetaland other precious metals
Lots of secondary wires and hazardous handling
(open current terminals)

Proposed\CIT, which is shown irFig. 3, solves allthe
described issues. Electronic measuring part witkh@GiT
requires no environmentally hazardous transformer oil or
precious metalsCurrently usedsensors with their wide
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frequency range and wide dynamic range allowedéit
measuring and protection operations. SHEIT allows
monitoring of all power quality indices including harmonic
analysis.

FurthermoreNCIT can be easily connected to new digital
protection systems incorporating IEC618%@ sampled
values thus avding heavy wiring and additional signal
conversion.

Biggest concern with electronic instrument transformers is
of course reliability in redlife operation. For that purpose
proposedNCIT has been a subject of testing in HV
laboratory to verify its restance to heavy disturbances in
power network. After successful testing it has been installed
in a substation in series with operational conventional
instrument transformers for further testing purposes in real
life network conditions. After a year of oion it proved

its reliability. Still further testing is required especially due
to standardization requirements of IEBL869 and other
related standards for digital instrument transformers.

Fig. 3 Non-conventional instrument tnaformer

NCIT is similar to conventional voltagemeasuring
transformers, using a capacitive divider, while the current
measuring pafloatsonaHV line.

In Fig. 4 thekey componentsf NCIT are shown.Inside of
the head(1) current transformers are usedCT (2), more
precisep.PCT (low power current transformer) which are
normallydesignedor measuring and protection on middle
voltage level. IINCIT two identical LPCTs are used, one
for protection purposes and the other fameasuring
purposesalthough only a single one would suffice due to
their high accuracy and linearity in its extremely wide
operation range

Advantage of this NCIT is th#éte nain measuring uni{5)
which providesfast and accurate sampling of measured
voltage and current as well as timansping of derivedis
floating on HV Ine, therefore no extra HV isolation is
required Since the NCIT does not use HV current
measuring transformers, it allows for greater accuracy of
captured data even at higher frequies and improved
calculations of phase angles at higher grid harmoffics [
For communication purposesptical fibers are used (6)
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Theyprovide adequate isolation between ground potential
and HV potentigl where measuring electronics reside.
Opticalfibersarealso used for deliveringuxiliary power
supply tothe measuring electronics)(4

19

Merging unit

Fig. 4 Structure oNCIT

One of the most important componentsthie conceptis
EMU (9) which is shown inFig. 5. The EMU has one
threephase voltage input and one thygtease current input
whichacquires AC current or voltag&gnals, whiclarethe
outputfrom instrument transformers. dbnverts analogue
signals into digital values and transsritem using the IEC
61850[6] standard. The values are stored as sampled values
(SV) in accordance with implementation guidetifer the
IEC 618509-2 specification. These values can be directly
used by bay controllers and protective relays that support
IEC 618509-2 protocol.The EMU has been customized
achieve the optimum operatiorhis was doneyremoving

the component for A/D conversion, becausthe
communication interfacg) canalreadysendthe measured
samples and other relevant daieer opical fibres in
proprietary protocol Transmitted datés stored in FPGA
and mapped istandard IEC 61850-2. The EMU under
thisstandardcansend out 80 SV for protectimauss, 256

SV for meteringunitand 1024 SV for power qualitheck
The EMU is deigined for receiving measured samples from
three NCITs, reconstructing of measured signal from
received samples in real time, performing all required
calculatiors, driving analogue output required by protection
relays, sending measurements through commtioica
interface using communication standard IEC 61850 and for
directing optical communication with measuring unit inside
of NCIT.

Advantage of this EMU is in the standard IEC 61-85D,
which allows savings in the installation i.e. copper wire and
space aving as a result of reduction in interferences and
massive increases in safety due to the fiptc
communications.
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LCD
Optional

Fig. 5 Structure of merging unit

BENEFITS OF CONCEPT

Thefeatures described above amcept witiNCIT deliver
substantialbenefitsin different electreenergetic system
aspects:
1 Financial aspect £the NCIT with PCClis much
less expensive than standard HV transformers.
Due to high cost of standard combined (voltage
and current) transformers, two separate
transfamers per phase are used. Therefore in case
of failure of one of them the other is still
operational. In case dNCIT, which are less
expensive, the decisiamill be to use a combined
one.

network This concept is implemented with a helN&SIT,
which is based on the use of HV capacitive divider in
conjunction with measuring dnprocess electronics. The
electronis are situated partially on the potential of the HV
line and partially on earth potentidlheyare linked by an
optical link that provides real time data transfer between
measuring and central processing elect®nidhis
procedure allows a new approach to measuring all the
parameters of a HV grid including measurements of energy
quality in all three phase lines.

The testresult showshat the proposediCIT is equally
precise as a traditionabltage and current transfoer and
solves many major issuestime field of HV transformes.
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obtained such as supervision of the distribution network
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This paper describethe concept ofa communicatn
mechanismwhich can be used for controlling network
voltage profile and detecting any problems in distribution
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quality, distributed generation and active network operation.
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