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Securing Passive Islanding Detect
wi Om-droop Control of DG Uni

H. Laaksonen

Abstract i In Active management of distribution networks and different controllable resources
will play a key role in future Smart Grids. This paper proposes that centralized active network
management functionalities at MV level could also include an algorithm whideairtime
confirms reliable islanding detection with local measurements based passive method. The
proposed algorithm continuously ensures that there is such reactive power unbalance, so that the
operation point remains constantly outside the -detectionzone of the used passive islanding
detection method. The effect of recent grid code requirements, likdr&dp control of DG units,

on the proposed scheme has been also considered. In addition, usage of additiedaddp/on

MV level DG unit in ordeto enable stable islanding or to even further ensure reliable islanding
detection and disconnection of DG units has been stu@ieplyright© 2014 Praise Worthy Prize

S.r.l.- All rightsreserved

Keywords Distributed Generation, Islanding Detection, Lasfsmains protection, Anti
islanding,Active Network Management, Grid CodEault-Ride Through, Droop Control
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. Introduction chall enges wi t h traditional,
In the future it is 1ikedley etichdtondimeftrofdegf /Id ket tferremaute
management functionalitieé6VS)i&reUwollttaaggee (control , i sl

operation coordination, mihfmith®t iaomo uaft |odE sB& uareittwso Kyi
be realized throughpriemakry@étigasessodsut@xmaeacted in the
(HV/ MV) and secondary (MVPEV)pGwWerst @il @ams e [s1ijt, ugtzijons.
Traditionally active n @towErH W | emaonpaggreanieinotn  iam dt he NDz
adaptive protection functioshandinesdebeet ipernmejtelved v pi
and operated independentl|tiyhg 3jusfelfYoantdy evoth@amd e e urewtcyr
increasing attentindrer shan@ROCHOE) phioa defiuning the DG U
l evel of active network tnaenagewneat i danadodersot(elcitkieoni n
functions coupling torbeftadbbiel ity 6evrepROPEtifrUd ukenctior
solutions for the Smart Giings epsEe.

One of the key protectionAlfsqcteoanl i andsfiont hpemsmai
Grids wildl be r el i albtlheo wgeh étkned é ®ro fe xiagnpd ®d B4 E9mI pbiven
trend in new grid -rcieddeerso uigdh tad |r elyQ i 4 ®fi rifesgnuglegnrciyn ga nodv elr a
(FRT) capability from disthibatdtdrigeaaepdtoteameddds [ 0 t
and possibly also all ow iwdlalndasdPgpdoosastirbelhe of hal e osdi st
need to reliably detect tmwadssiandihegeerauandygni e o
correctnsopeergatimhange thereattrafpefphovpupemandcconnect e
interconnection | ED or chw®dda@adeohevel shprwinlcli pmake alh@

parameters of DG unit. to MV and LV networks to con
I'n forthco+Ei ngetBwNT&O codafteNnc)istaending. This means t
generators (RfG) [5] it hasyaeehr ectaade dantdhadts! iagdamagi
detection shoul d tmwootr kb eo phelr §a& do tobnel dyi toino nnael , passive sl

switchgear position -spiegnianiesr.ef An&,0o, t hief ushe gof the tr
communication is used as Taelpirgbdaer yand| aabdeayi et est rnoi
met hod passive local sl addémgmarea ecitfifoinCc Bnhett chdoady t ihee ¢ w
needed -a®.a back Due to the above [@B@md9%oned |
Nodetection zone (NDZ) new®ar-pupbovfeer pBasaveei sl anding

and scheme has been proposed

Manuscript received and revisddne2014, acceptedune2014 Copyright © 204 Praise Worthy Prize S.r4.All rights reserved



H. Laaksonen

very fast and selectively Fregueacy SuppoipActive PoweaGontrolns i n a pe
power balancenwi tilsoual sNhD Za mpC RfG[a]ht is elso stated that the DG unit (Type
different type of DG uni t #.andllargenastal betcapabie, of reducing active power a n s
based passive islanding dusng@uerdraqeenciesR/f -greop)istartingniom point h o u t
NDZ has been [pr®ljposed e. g betwegn50.2Hzand50.5Hz with adroop in arange of
However, this paper pr op2bld &s(Fig hathe gcwa) fraquency resholdapd: i v e
net wor k managémenes f ( CAN “ﬁﬁpﬂpéqttmgsmqﬁm be determined by the transmission
l evel, like voltage cont rgemoperapr1SQ),The DG unif shquid becapghle ¢
in the future includeti arme,:)]c %Clt.'v Itlg'?a‘i:t'. ?tpﬂ?{[vﬁr\ﬁ?ﬂ}i? o lresiriorpsehgsfagtlas
confirms the operation o freCnCglly [easipie With gn dnl %e&txﬂasa%g@;cti‘
even based on pass.i me t %h%rtdass pqs&be (maX|mu|m allowed time delay is

. seconds). | ad |ti8n, 158 shgll%gﬁﬁe admisSible Active " 9 I

Ve

based . raest hpordesp 0 jeld]@heg. pr¥ & Srdtlction from maximum output with Ifa
al gorithm continuously engdhefeS witifl the boindafids Sefided in B]Uafid'DG’ € @ €
power unbalance, so that ,fiRigoR &duipped WitA a Rdc! ifterface’ (RlE | N S
constantly outside the NRBHindfdbrto bebréase A€ sbwer odtdunittihile8sd
detection method. than 5 seconds following a control command from the

Il'n following, firsitd scoompey of Histributidre systBn§ dpeoa(SO). There are
requirements, which may o férthed@quirenfehts fortlargér DG unfisl (Bypedd n g
detection with traditi onardd D)pra[s]seigVregarding fo logedition aAdncdntrok h e
proposed scheme, ar e s ho rderihgundgsfreqeiencies. {5¢ d . After that,
more detailed description Ino[6] simitare regpireroept® foe the activdh pawer i s
presented with aedsd,itl iokaea |resdoaspef D@ enitsdol oisequencies has breset as
detection of i s-tandtbrgrn gnedfp the karge &f mtengonal delay i$Dseconds and
settings and the mini miza thedefaultgeftingis®e. DNO reactive powe
costs. Finally, exampl e silmidiawas stied thaithe gampired effqctofffgr e s e n
followed by discussi on an @erdrgadenqy jegylagon and the large of frequency

settings may produce, under specific network cionk
e.g. during MV earthaults, unintentional islanding of
[I.  New Grid Code Requirements the distribution network. 11112] also different solutions

, . to prevent the creation of these unintentional islands has
f In the fEtu;e ENDESEE '#C RLG ([)5]8WIl|<|V\[I/)I’OVId% Iega(lj been proposed based on increased automation (fault
ramewor tqr E uni Sb g it '.” t) grll c<|3 eldetection, communicatioretc.) of secondary MV/LV
req_U|rer|nends md uroE?\le_l’_Sg NIC \gfen% (rjgp_;ce hoca substations. In addition, if13] it was demonstrated that
p:csll(,?i?:mg:ts Cfoore?c.)ur typelsize of D[G] ulr\::tses(p:o:/ever unintended islanding is possible in MV and LV grids and
. ) . becomes even higher when DG units are controlled with
gererating modules) i.e. Type A (DG units > 0.8 kW v 9 v un w

/f-d I ith ti /volt -
connected to voltage levels below 110 kV) and B, C an roop as well as with reactive power/voltage\()

; : : ) roo
D which have different maximum capacity thresholds for Th[()are are also requirements in [5] regarding to
the five different synchronous areas.

operation and active power control during unrder
frequencies for larger DG units (Type C and larger). For
I.1. Frequency example the DG unit shall be capable of increasing the
_ . active power output during und&equencies R/f -

In NC RfG [5] for DG units (Type A and largenhas  §,o0n) starting from point between 49.5 Hz and 49.8 Hz
been stated that regarding to frequency ranges a DG unii, 4 droop in a range of 22 % (Fig. 1). [5]
shall be capable of staying connected to the network and |, [6] a bit different minimum time periods for the
operating within the frequency ranges (some differenceoperaﬁon during underequency situations have been
between synchronous areas) and time periods specified ifhqsen when compared to [5] and Fig. & Ifar example

Fig. 1. , time period for operation in frequency range 44&%5
, , oP.P Hz is 90 min and in range 4747.5 Hz 20 seconds. In
DG unit may disconnect | DG ' max . .
51.5 T T =T+ decrease [6] the active power frequency response during under
— No disconnectionin 30 min |\ | | (Type A and - . . .
N 510 i~ larger) frequency situations is only required from MV network
= 50.2-50.5 iy Wi 140 S .
& 50 T Unlimited operation ifsz}dzr?,/‘:)'i connected DG units.
5 495-498 —pAs el L ) . .
S 490 N P increase Switd to Narrow Frequency Band (Passive Islanding
i ’ fined, > 30 min o :
T e i ' \i Tope Cane Detection)
47 5 JINGisconecton MIDIMB ] | Y @ e Foer p In [6] and[14] adaptive frequency limits (i.e. switch to
' DG unit may disconneet g p narrow frequency band) have been proposed for passive

pmax

Fig. 1. Frequeey FRT (Nordic area) and support requirement<¥G islanding detection to be able to reduce nuisance tripping
units (Type A and largefp]
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due to other network events and to minimize NDZ (Fig.
2).[15], [16]

onen

Voltage in [5] refers to the rogheansquare (rms)

value of the positive sequence of the phHasphase

voltages at fundamental frequency in per units (p.u.).
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Fig. 2.Switch to narrow frequency band based passive islanding
detection6], [14], [15]

This scheme (Fig. 2) required in Ita[{4] tries to
discriminate between HV and MV netwoi&ults as well
as even further between local and external MV network
events based on voltage values. However, it has bee
stated in[15] based on simulation studies that complete
discrimination and selectivity is not achievable by means
of local information on voltages with presented scheme
in Fig. 2.

II.2.  ROCOF / df/dt

In NC RfG [5] it is stated for DG units (Type A and
larger) that with regard to the ROCOF dffdt withstand
capability, a DG unit shall be capable of staying

In [6] somewhat similar LVRT is required from

converter / doubhfed inductiongenerator (DFIG) based
DG wunits and directly coupled (synchronous and
asynchronous) DG units than in [5]. However, there are
some differences like for example [i8] it is stated that
the requirements apply to all kinds of faults,@& and 3
phase). Itshould be also noted that B8] LVRT is also
required from LV network connected DG units.[6] it

is also required that MV network connected DG units
shall be capable to stay connected if the voltage at the
connection point goes beyond the under liofitthe
continuous voltage operating range down to 85% of the
declared voltage for a duration of 10 min.

. LVRTcurve  pG yunit TYPE B AND C
1.0 —f= (ENTSO'E) Synchronous generators
U_reiz\—- _____________ f U_ret | 0.05-03 |t clear| 0.14-0.25
3: [ U_clear| 07-09 |t_recl t_clear
= I U _recl| U_clear [t_rec2| t_reci-0.7
U_rect4+ §-——- [ = = =
o ' | : U_rec2 Oéajgcfégr& t_rec3 | trec2-15
© ! 1
= ! [ : Converter based DG
1
> 1 1 [ U_ret | 0.05-0.15 |t_clear| 0.14-0.25
U _clear§ § - | . |
1 ' \ U_clear| U_ret-0.15 |t_rec1 t_clear
U_ret¢ 1 1 K
1 1 i Time '(S) | U_rec1| U_clear |t_rec2 t_reci
[ . . »
T T T T ™ t 3 .
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0
0.25
05-0.7

DG unit TYPED
Converter based DG
U_ret 0 |t_clear| 0.14-0.25

U_clear
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t_rect
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t_clear- 0.45
t_rec1-0.7
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U_rect t rec2| t_rect

U_rec2

U_clear
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Fig. 3. Voltage FRT (LVRT) requirementsrfDG units (Type B and
larger)[5]

connected to the network and operating at rates of change High-voltageride-through (HVRT) limits are also
of frequency up to a value defined by the TSO. Possiblalefined in p] so trat DG units shall be capable to stay
ROCOF -based passive islanding detection should beconnected if the voltage at the terminals goes beyond the

coordinated with required ROGOwithstand capability
[5] which may be also coordinated or prioritized with
voltage FRT curve. If6] the required ROCOF withstand
capability has been set up to 2.5 Hz/s.

In [17] a study was performed to identify possible

upper limit of the continuous voltage operating range: 1)
up to 120% of nominal/declared voltage for a duration of
1 s and 2) up to 115% of the nominal/declavettage

for a duration of 10 min.

In NC RfG [5] HVRT limits are dependent from

limitations of the generators to meet ROCOF values ofsynchronous area and size/type of DG unit so that

up to 2 Hz/s. It was stated [&7] that a 2 Hz/s ROCOF

unlimited operation voltage range upgienit (HVRT)

value may not be achievable with most of the presenfor type D is between 1.0%.12 pu(depending on the

generators depending on the power factor

(leadindlagging) and duration of the event.

11.3.

In NC RfG [5] for Type B and larger DG units it has
been stated that with regard to FRT capability of DG
units each TSO should define a voltagainsttime-
profile (low-voltageride-through, LVRT, curve) as
shown in Fig. 3. [5]

Voltage

Copyright © 204 Praise Worthy Prize S.r4.All rights reserved

voltage level between 11800 kV or 300400 kV). [5]

Voltage support Reactive power control

Reactive power control and reactive current

injection

In NC RfG [5] for DG units (Type B and larger) it has
been stated that Type B converbased DG units shall
fulfil the following: a) With regard to reactive power
capability the DSO shall have the right to define the
capability of a DG unit to provide reactive power, b) The
DSO/TSO shall have the right to require fast acting
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additional readte current injection at the connection power output within a time, to be specified by DSO in
point in case of symmetrical {8hase) faults. DG unit the range of 15 s and settle at the value defined by the
shall be capable of providing at least 2/3 of the additionalbperating Slope within a time in the range of 860 s,
reactive current within a time period not be less than 10with a steadystate reactive tolerance no greater than 5 %
ms. The target value of this additionahctve current of the maximum reactive power. [5]
shall be reached with an accuracy of 10% within 60 ms In addition, with regard to priority to active or reactive
from the moment the voltage deviation has occurred. [5] power contribution, the TSO shall define, whether active
In [6] the additional voltage support by reactive or reactive power contriltion has priority during faults
current injection during faults is also required from MV for which FRT capability is required. If priority is given
network connected conkter / DFIG based DG units and to active power contribution, its provision shall be
the requirement applies to all kinds of faults, (2- and established no later than 150 ms from the fault inception.
3-phase). According t{6] the additional reactive current [5]
step response time shall be no greater than 60 ms and the
settling time shall be no greater than 100 mg6lnt is
also stated that MV network connected DG units base
on synchronous generators naturally provide a voltage
support during faults which is considered to be sufficient |n ENTSGE NC for demand connection (D{J] has
and there are no further requirements for synchronougeen stated that all transmission connected distribution
generators regarding this voltage support scheme. networks shall fulfil requirements related to reactive
In [18] it has been also pointed out that in certain power exchange and control. These include requirements
configurations reactive current injection as required inlike 1) the actual reactive power range specified by the
[19] may lead to instabilities as well as voltage andDSO shall not be wider tha@.9 power factor of the
power oscillations and suggest that these issues should &rger of their maximum import capability, 2) DSOs shall
taken into account in the forthcoming ENTSE® NC  have the capability at the connection point to not export

d I1.4. Reactive power exchange and control between
distribution and transmission networks

RfG. reactive power (at nominal voltage) at an active power
The Directional Reactive Power Undervoltage flow of less than 25% of the maximum import capability
(Q->& U<) Protection and 3) TSO shall have the right to require DSOs to

The Q->&U< -protection is required in German grid actively control the exchange of reactive power at the
code [19] from MV network connected DG units to connection point as part of a wider common concept for
prevent even larger voltage drops during fats:& U< management of reactive power capabilities for the benefit
-protection must trip the DG unit from the network after of the entire networK7]

0.5 s, if all three lingo-line voltages at the network

connection point are below 85% from nominal éfnithe .

DG unit simultaneously draws inductive reactive power lll.  Proposed ActiveNetwork Management
from the network[20] Scheme

Reactive Power Capabilityi Voltage Control . .

In NC RfG [5] also individual requirements for In Fig. 4 the proposed CANM S.Chem? IS presented. In
synchronous and converter based DG units (Type C anHqe future as part of .C.ANM _funct|qnal|t|es, like voltage
larger) has been presenteith regard to reactive power CO”TLOI. olr (;osses Irnln[mmatlohr? PEF.'g' ‘gmat M\?. level,
capability at and below maximum capacity. In addition, could inciude an aigorithm wnich in reame confirms
for converter based DG units (Type C and Iarger)the qperatlonof rellable_\ |sland||jg detection even with
requirements have been stated, like for example witassive methods. This algo_nthm ensures that there
regard to reactive power control mode which DG unit constantly exists larger reactive power unbala@gg,
should be capablef providing automatically by either than_the lowest level/stage of reactive power qnb_alance
through voltage control mode, reactive power control required (for example + 10050 kVAr at the beginng

mode or power factor control mode. For the purposes on corresponding MV fe(_eder) and that the operati_on po_int
voltage control mode, the DG unit shall be capable of €mains constantly outside the NDZ of the used islanding

contributing to voltage control at the connection pbint detection method. .

provision of reactive power exchange with the network. Naturally, also control of active power u_nbalarR;ﬁb

with a setpoint voltage covering at least 0.95 to 1.05 pdn MV network to ensure rellabl_e |sIa_nd|ng could .be
in steps no greater than 0.01 pu with a slope with a ranggsed' However,baseq on the simulations the active
of at least 2 to 7 % in steps no greater than 0.5 %. Th anagement of reactive power_unbal_ance _and * reactive
reactive power output shde zero when the grid voltage Q) power control to enat_)le reliable islanding dete<_:t|on
value at the connection point equals the voltage setpoinf’.\'aS seen as better option. It may be also easier to

The setpoint may be operated with or without a deadbang‘tteg:.ate fz_io:dmdqnal (;‘un?nonaha*esl, .“ke ez;daptlve
selectable in a range from zero 05 % of nominal eteetion ot 1slanding, adaplive auteciosing opefime

network voltage in steps no greater than 0.5 %. [5] settings and the minimization of the DNO reactive power
Following a step change in voltage, the DG unit shall 0t (Fig. 4) with the reactive pow&(n, control based

be capable of achieving 90 % of the change in reactivéCheme'
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The power unbalande,, and Q,,, monitoring can be to the idea proposed to adaptively adjust the output
performed either by centrally based on MV feederpower references of the DGs, immediately after the
measurements or independently by each MV feeder IEDdetection of islanding based on PMU measurements
When, for example, a MV feeder IED measures that thecollected right before theircuit-breaker opens.
reactive power unbalan€g,,, changes from one stage to
another, it sends a signtd CANM functions at MV

level for the registering of the change and the requireolIII.1. Minimization ofLosses andReactivePower Costs

actions (Fig. 4). For instance three levels (high, medium, of DSO
low) for Q. level could be used. From simultaneous network losses minimization point
of view the algorithm integrated within the centralized
HV network voltage control and losses minimization functionality, to

enable reliable islanding detection of DG units (Fig. 4),
must be such that voltage levelill always stay in

| HV/MV Substation

| ¢ sve) allowable limits at each point of the MV network by 1)
. | | minimizing reactive power flow in MV network with
| Bl - feeding/absorbing reactive power as close as possible to
‘ T » Lo | the point with voltage level violation and 2) if this is not
‘ wwor | 2 enough from eliable islanding detection point of view
e 3) Centralized Active Network Management . . .
,,,,, /DG UNIT (CANM) Functionalities : e.g. reactive power unbalan€g,, at the beginning of
@-OO—I— s ‘ MV feeder must be ensured by increasing reactive power
fa '3 etection feeding/absorbing as close as possible to MV feeder CB
)& (i.e. to minimize reactive power flow in the Médder).
oiidschramton B : ncreased cabling of overhedides for example in
- FRT settings (U, 1, d/dY) iEp . Nordic countries, will create a need to compensate the
2o TH I reactive power produced by long MV cable feeders to
reduce losses, to prevent voltage rise and to reduce
DG UNIT

_"5_ o 4 reactive power costs from feedingaotive power to HV

| : &0 ! network. On the other hand, as stated before the ENTSO

\ d diE £ A : | E NC for demand connection includes requirements to
‘ 3) TE= B control reactive power import/export between

- Island detection settings [l distribution and transmission network at HV/MV

- FRT settings (U, f, df/df) |gp | | prlmary Substatlons

: Therefore, in ordr to minimize the total reactive

. , . . power feeding/absorbing of the HV/MV substation from
Fig. 4.Integration of a new algorithm as part of future active MV . . .
network management functionalities to continuously ensure reliable 1Y network Quy, the algorithm which ensures reliable
islanding detection even with traditional passive methods islanding detection by introducing reactive power
unbalanceQ,, at the beginning of each MV feeder
In general, CANM scheme needs to communicate withshould besuchth at t he f#Adirecti ono
controllable distrilnted energy resources, like DG units, flow varies between MV feeders. Simultaneously
in order to maintain reactive power unbalaigg, at or naturally voltage level must be maintained in each MV
above the required level. If21] one possible interface feeder at acceptable level. Just in case that in HV
(interface for energy regulation, IRE) for DG units to network connection point, GR, both Quy and P,y are
control active and reactive power in order totijggzate  close to zero and intended island operation is not
in voltage and power flow control as part of active MV allowed, such scheme should be implemented in which
network management has been presented. Active voltagé&D at CRyy will sent signal after the opening of CB to
control scheme has to take into account also theéMV feeder IEDs to open corresponding CBs to enable
possibilities for local voltage contrg22], [23] and the the correct operation of passive islanding detection
voltage control hierarchy inhé centralized voltage methods.
control scheme. In addition, if24] the importance of If multiple protection zones are used in the same MV
consideration of reactive power flow at different voltage feeder the power flow i.e. power unbalance through each
levels (MV and LV) and different strategies for their CB should be taken into account in the centralized
control in the future active distribution networks has beenalgorithm (Fig. 4). Change of network topology e.g. from
pointed out. radial to meshed could also isome cases lead the
As stated in25] the intended island operation can be reduced network losses, but before possible change it
also a post fault occurrence where the islandingshould be checked that also condition from reliable
detection, instead of tripping the DG units, informs theislanding detection point of view can be fulfilled after the
CANM to take the necessary action to control the DGtopology change.
units and the loads to maintain \aie and frequency
within required limits. In26] an idea has been proposed

Copyright © 204 Praise Worthy Prize S.r4.All rights reserved InternationalReview of ElectridaEngineering Vol. x, N. x
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111.2. Adaptive Islanding Detection Settings losses could be reduced by centralized minimization e.g.
by giving DG units like PV panels such reactive power /
jpower factor references which compensate the reactiv

ower taken by nearby loads and in this way reduce
eactive power flow in LV network.

In general, ticould also be possible to include features
as part of CANM schemes which ensure operation o
passive islanding detection so that the islanding detectio
settings in DG unit IED are updated in réiate
depending (Fig. 4) on the power unbalaigg, and Qynp
at the beginning of the MV feeder or at the closest MV IV. Simulation Examples
feeder CB/recloser if multiple protection zones are ) ) )
utilized at the same feeder. However, if undeltage, In Fig. 5, a study network for the PSCAD simulation
frequency odf/dtis used for i5|anding detection the time studies is presented. More details about the simulation
delay settings of these fuimis have to be first model can be found frof8], [9], [11], [10], [27], [28].
coordinated with corresponding grid code FRT The purpose of the simulation examples is to show how
requirements. Similarly it is important to coordinate e.g.the proposed algorithm could ensure reliable passive
islanding detection intentional operation time delayislanding detection by actively controlling the reactive
settings (to avoid nuisance tripping) and awgolosing  power unbalanc&,., through connection point CB as
open time settingsosthat their selective operation would well as study the efte of P/f-droop control of LV
be always ensured (Fig. 4). network connected DG units during oxesquency

situations to the proposed scheme.

111.3. Adaptive Autereclosing Opertime Settings 10KV BG unit | Tnertia constant (H
Sk=—1000 F\:NVA HV/MV Substation @110 kv Dg:" ne 'agc_ggia" e
R/X-ratio= 0.2

To guarantee reliable and selective operation of et KV < < o ors
islanding detection, fast auteclosing open time must Compensated Kol = = 1 De4
be longer than the operation time of reling detection e e T
and it can also be adaptive in similar way as islanding
P y = fer}angers *CB * o *CB

detection i.e. dependent on the active, ) and/or
reactive power Q,,) flow through the corresponding
MV feeder CB (Fig. 4). Variation possibility of fast auto
reclosing time could be e.g. between 1600 ms and Induction Generator (16) ..)| 1.9km
when power flow i.e. power unbalance is small the fastl| 0.8mw g1 kv
autoreclosing open time is longer. This adaptive
functiorality could be easily added to MV feeder IEDs or
alternatively it could also be centrally coordinated by e.g.
grid automation controller.

‘
AHXAMK-W-240

e T :_t_-A cB
8x24 kVAr DG1

Svnchronous Generator Line type:

- AHXAMK-W-240 (4/4.75 km)
5 -In case 2 frequency dependent model
g *)x passive loads 267/317 m(4/4.75 km)

from each other connected to 100 kvA
distribution transformers (20.5/0.41 kv)

sG +A cB
2MVA DG2

[ll.4. Implementation as Part of Active Network
Management Solutions at MV/LV Substations

Similarly as part of centralizedolutions at MV/LV Passive 10ad [5T]Diode on
(LV level, new type of IED or smart RMU) substations | '© power = 05 00 ey “ess)
voltage control and network losses control could include nduction Generator
same kind of functionality which ensures that NDZ for | @TciHysteresis {

. . . . . . current controlled) C|Battery, Fresie
certain type of islanding detection would never exist in 75
case of operatio of some e.g. LV feeder protection
o e et e it netype | (o) | x ot |

. ) : ] AHXAMK-W 240 0.15 0.11 1.36

centralized voltage control could in the future possibly
utilize voltage level information e.g. from AMR data Fig. 5. Studied MV network
concentrators to know the minimum and maximum
voltages of each LV feeders and to take correct actions
like for instance operate the OLTC of distribution
transformer or change the reactive powerpent or In following the effect of reactive power unbalance
power factor of centralized energy storage or all PVQun level before islanding on frequency, voltage and
panels in certain LV feeder etc. (if possible) before MV passive islanding detection based on change in voltage
level voltage control tries to correct possible voltagepositive sequence phase angBU( ..qd is presented
violations. (Fig. 6). The initial setting foiDU, ange based passive

In general, reactive power feeding/absorbing by PVislanding detection could be for exalmi0 degrees with
panels in LV network is not very efficient way to control 200 ms timedelay and undevoltage blocking. In this
voltage in LV network de to highR/X-ratio of LV lines  case (Fig. 6) there was only synchronous genergiy (
and due to increased network losses. Therefore, network 1350 kW,Qpg, = 275 kVAr) and induction generator

IV.1. Effect of Reactive Power Unbalancg,Q.evel
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(Poe1 = 800 kW, Qpe1 = -132 kVAr). The increase of shown in[27], DU. ange and other voltage phase angle
Qunb level was done bylecreasing the reactive power based islanding detection schemes e.g. proposgzdjn
output of the synchronous generator (DG 2 in Fig. 5).  [30] for passive islanding detection is the sensitivity to

SIMULATIONS WITH DIRECTLY CONNECTED ROTATING mal-operation during frequency fluctuations in the utility

GENERATORS BASED DG UNITS (DG 1 & DG 2) grld In addition, these fluctuations cannot beckkxd in
o Frequency [Hz] a similar manner as undeoltage situations.
5104 Lo
gg‘gj . ] IV.2. Effect of P/fdroop Control of LV network
5071 5 5 - . P Connected DG Units During Owdrequency
Egjg, : AR R S ot S o] In following the effect ofP/f -droop control of LV
50.4 3+ e T s == e network connected DG units, which will be required by
ol e ' S grid codesike [5] from all DG unitsjs presentedn the
501 | e S NS R e o i e S simulations effect oP/f -droop control of LV network
50.0 e e S Lot ot s connected DG units during ovérequency situations is
#9920 201 202 205 204 205 206 207 208  Simulated between 50.3 and 515 Hz by linearly
Time (s) increasing the LV load on some of the MV/LV
Voltage (positij‘g sequence) [pu] transform(_ars. It was also assumed that in the simulations
1.03 —— — — — the intentional time delay oP/f -droop control of LV
1020 - network connected DG unit is 0 seconds as also proposed
1,09 N T in [6]. In Fig. 7 the simulation results with DG 1 and DG
100 - s 2 (Fig. 5) are show.n and ind- 8 results with converter
0.99 N 7 connected DG units DG 3 and DG 4 (Fig. 5) are
’ presented.
0.98 Fig. 7a shows howP/f -droop control restricts the
0.97 : frequency increase in botR,,, (Case_P2a) an®@Q,.
0.96 - L ; (Case_Q2a) situations. In a longer, few seconds, time
0.95 ; ‘ scale it carbe also seen that unlike @, Situation after
199 20 201 202 203 (5204 205 206 207 208 islanding inPy,, the frequency and voltage (Fig. 7a and
b) ) 7b) may remain many seconds in the FRT limits set by
Phase angle (voltage positive sequence) [degrees] the grid codesOne can also see from the simulation
120 ’ 5 R — . results (behavior of frequency in Fig. #hat P/f -droop
100:.. ,:,i,iiff,f,f, ...... control of DG unitso makes
80 it e ' , islanding detection even less effectivéowever, from
60 : fast (less than 400 ms) islanding detection point of view
40 no significant differences exist either due to flifoop
207 control or dueto islanding in active K, or reactive
_2% (Qunn) power unbalance (Fig. 7).
ol T i Delaying of P/f -droop operation of DG units e.g. 2
w0l ——;;A; secont_js _could support the island_ing detectipn if the
189 20 201 22 203 204 205 ‘206__E0 ;__ZC;B detection is based on frequency (F|g. 7_a) anq is allowed
' ' “ Time(s) ' ' A to take e.g. 25 seonds. However, if the islanding needs
c) to be detected faster (less than 400 ms) and it is based on
___ Case A)lslanding at t=20.0 s of MV feeder in reactive power DU, ange then the delaying oP/f -droop operation has
unbalance Ques = 0 KVAT (Puw = 0 kW) minor effect (Fig. 7c).
— %} S“””f'?izkm — Case D) Qup = - 157 kVAr In theory, also possible grid code requirements related
T e M T S to reactive poweritage Q/U) -control of DG units

Fig. 6. The effect ofQun,level on a) frequency, b) positive sequence CC.JUId affect t_he pa_sswe ISlandmg detection. However,
voltageU, and ¢)Us ange with appropriate time delays and voltage control
deadband near the voltage setpoint these problems can be
From Fig. 6 it can be seen how the speed of islanding@voided. _ _ _ _ o
detection based 0BU, ange decreases while th@n, Purely from islanding detect|(_)n point of view it cdul
level is increased (Fig. 6c). Simultaneously whenbPe thought that control of reactive power unbalaQge
frequency (Fig. 6a) and voltage (Fig. 6b) values remairi€Vel is only requiredvhen active power unbalan€n,
in the grid code FRT limits [5], the passiislanding IS detected to be too small i.e. in NDZ of the used
detection based 0BU, agecould be done in less than islanding detection method. However, constant control o_f
400 ms (including time delay 200 ms) in cases D and EQuw level seems to be more reasonable based on grid
with Qunbleve|5'157 kVAr and-210 kVAr, respective|y_ code I’eq.UII’ementSP(f -dl‘OOp Contr0|) and simulation
However, the main challenge in using, as stated andesults (Fig.7).
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However, optimal solution is also dependent from
simultaneous voltage levels (requirements to take
actions), effect on reactive powelows to/from HV
network (reactive power costs), effect on reactive power
flows on MV feeders (amount and costs of losses).

Fig. 8.The effect ofP/f-droop control otonverterbasedDG units
during overfrequency on a) frequen@nd) positive sequence voltage

+

Nevertheless, based on the simulation results of Fig. 8

it is recommended to control th@,,, (Case_Qla) and

Case_Q2a level instead d¢?,,, (Case_Pla) level to

ensure reliable islanding detection with passive methods.

From Fig. 8 one can also see that in Case_FjPalroop

control of LV network connected DG unit®/{ -droop

control was not appdid on DG units DG 3 and DG 4 in
Fig. 7.The effect ofP/f -droop control of DG units during over the Simylatior?s) did, not affe(,:t negatively Or_] the ability to
frequency on a) frequency, b) positive sequence voltaged 9 detect islanding with passive methods like frequency

Us_angle (Fig. 8a) or ROCOF.

From Fig. 8 it can be seen that with converter
connected DG units active power unbalaRgg, before
islanding (Case_P1a) in Fig. 8) will not necessarily lead As mentioned before the control B, levd may not
to islanding detection based on passive islandingresult in reliable islanding detection (Fig. 8) with all DG
methods like frequency (Fig. 8a) ROCOF. However, unit configurations. On the other hand, the control of
this is also dependent from the control scheme and),,, may lead to unstability rapidly after islanding (Fig.
dynamics of the converters. Here it should be also note®) before possible control mode change of DG units.
that when simulations with DG 3 and DG 4 (Fig. 5 and 8)Therefore, ifintended island operation is wanted to be
were done there were no inertia in the system to constraiqtilized the usage of additiong)/f -droop control in MV
the dynamics. network connected DG units (DG 2 and DG 3 in Fig. 5)

could be beneficial. Thi®Q/f -droop control could be

IV.3. Q/f-control of MV Network Connected DG Units
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