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ABSTRACT

The current global trend in the distribution networks is to
use Didributed Generation (DG). The coordination
problem between protection devices is a challenge which
faces DG insertion to the distribution network. In this
paper, the effect of DG on the distribution networks
protection system is investigated. The real network of the
North Delta Electric Distribution Company (NDEDC) in
northern Egypt is studied. The study focuses on the over-
current, the earth fault relays and auto-recloser (AR),
where they represent the protection system used in
distribution networks. The NDEDC real data are
implemented with all of the protective devices which are
modelled with their practical settings using
Matlab/S mulink. Different scenariosfor integrating the DG
with the studied system have been implemented and
discussed. Finally, recommendations are introduced for
NDEDC protection systems.

INTRODUCTION

The traditional power system grid in most of thealeping
countries has a structure with an up-down powew.flbhe
International Energy Agency (IEA) estimates that2op0,
the developing countries will need to double tledérctrical
power output [1].

DG provides an attractive alternative solutiontfor world
energy crisis. DG is an electrical power sourcenected
directly to the distribution network and/or the trser site
[2-3]. In [4] the positive impact of DG is presedt It
mainly includes provision of voltage support, imyped
power quality, reduction in network losses, releade
addition transmission and distribution capacity amgroved
reliability.

The protection issue is one of the main technioaktraints
which face DG insertion to the distribution netwde.
Relays false tripping and blinding of protectior anainly
issues from the protection issues. False trippougics when
a generation installed on a healthy zone contrébtdethe
fault in another zone connected to the same sudastahis
can lead to false tripping of the relay in the Hgakone.
The protection blinding occurs because the DG dmution
to the fault which reduces the grid contributiorthe fault.
Therefore, the short circuit current may be undeteby the
grid protection relays [6].
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In this work the impact of DG on the protectiortraiditional
distribution networks in developing countries isaséd. The
study is applied on a part of the Egyptian distitiu
network; NDDEC, in northern Egypt. NDEDC is a séenp
of a traditional network designed for unidirectibelectricity
feeding.

The main objective of the paper is to find the maxin
allowable DG penetration level that maintains tlaens
protection system before DG integration. A Mat&iwulink
model is used to implement the investigated systdine
study includes the over-current, earth fault rekayd auto-
recloser.

NETWORK DESCRIPTION AND MODELING

NDEDC Network Description

NDEDC network is supplied from the 220 kV Egyptard
through 220/66/11 kV substations (SS). The 11 kV
substations sides supply 167 Distribution PanelR)(0D’he

11 kV network feeders consist of either rural lif@$iL) or
urban underground cables. The NDEDC real data are
implemented with all of the protective devices whare
modeled with their practical settings. Three reslected
systems are used to simulate all protection systems
NDEDC: cable systems, OHL systems, and OHL-AR
systems.

Cable System Modeling

Fig. 1 illustrates EL-Mokhtalat DP as a sectioN®&EDC
network. It is a cable system which consists ofe¢hr
incoming feeders and eight outgoing feeders. Maoddlas
been performed in Matlab/Simulink with the helpSim-
Power-Systems toolbox (SPS) [7]. The loads obtitgoing
feeders are centralized using constant impedarasedion
11 kV. The cable data is verified with the actoakite
measured cable impedance. Then, the aging faétibreo
cables is calculated and implemented in the sinaatThe
system parameters are given in Table 1.

Both over current and earth fault relays are matiéte
Simulink. The overcurrent relay model is pickeonfr [8].
The vectorial sum of the three phase currents ésl us
represent the earth fault relay operation. A Idgiction is
used to combine the output signals of the earthrizlay and
the three overcurrent relays outputs, as showigin2=The
time delay is set to 0.2 seconds for outgoing aBd&conds
for incoming feeders. The current setting is giwvehable 1.
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Ij Ij Ij ncoming Table 2: Measured and simulated load currents for cablesys
. Measured load | Smulated load |
- - 1 Feeder Name | ™ rrent [A] Current[A] | ZETOr
éﬂéﬂéﬂéﬂéﬂéﬂé% A. Qaood 95 97 2.1
Al Mahkma 110 110.4 0.363
AL-Sh. al-Radi a7 47.2 0.425
Outgoing Qasr Al Thagafa 70 72 2.85
A Al Staad 80 82 25
s 2 £ 2 2 g £
= 3 E = 3 =z Table 3: Measured and simulated load currents of OHL
; ; o Measured load Simulated load
Fig.1: The single line diagram of the test cable system
'9 ingle |l 29 ¥ Feeder Name Current [A] Current [A]
Table 1: The detailed feeder’s data and protection setting Mansoura 5 196 199.5
Feeder Name Impedance | Overcurrent | Earth Fault Mansoura 4 222 227
[Q/km] | Setting[A] | Setting [A] Salamon 250 251.6
Outgoing feeders . >oo0 300 40 Mahl-Damna 280 279.5
L= .
Incoming feede 0.6 400 80 Table 4: The OHL feeder’s data and protection setting

The cable system modeling is verified using bothmad and
fault conditions. The actual current flow is receddand is
compared with the simulation results of the samerating

conditions. Table 2 gives a comparison between the
measured and the simulated load currents for normal

operating condition which verifies the model.

Operstor Dats Type Conversion®

esih fault relay

Com2

Three-Phase Bresker over curtent relay 3 Cunrent Messurs

Fig. 22 Overcurrent and earth fault relays model

OHL System Modeling

The second feeder type is the OHL systems. Théseders
are selected in Qulongel substation. This studietqonsists
of five outgoing feeders. Table 3 gives a compartsetween
the actual measured and the simulated load curvérith

verifies the model. Table 4 gives the parameter$wof
feeders, the normal load current, the simulatioift faurrent,
and the over current and earth fault relays setting

OHL-AR System Mod€ling

The third feeder type is the OHL system which cist&AR.
The test system consists of ten outgoing feedera fEL-
Gamalia SS. The studied feeder is EL-Robiah feetiérh
feeds industrial heavy loads. The data of the fieedee

given in Table 5The studied system model is verified using

the steady state conditions. The actual current fle
compared with the simulation results at the samaaijng
conditions, as given in Table 5.
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Feeder | Impedance| PE8KLoad|  Over |Earth Fault
Name p(Q) basedon | Current | Setting
MV Sde (A) Setting (A) A
R=1.0771
Salamon X=0.853 250 480 80
Mahl- R=3.0771
Damna X=0.853 280 720 80

Table5: OHL-AR System Data and simulated load currents

Total Impedance| Load Current (A)

Feeder Name (D)
R XL [|Measured| Simulated
EL-Gamalia 1 0.201 (0.2854¢ 141 146
EL-Gamalia 2 0.21 |0.2854¢ 130 135
EL-Kafr EL-Gedid 2.96 5.387 195 194
EL-Robiah 8.588 8.98 250 251.8
Miah—Gamailiah 0.375 2.76 60 60

The minimum fault current and AR current setting tioe
selected El-Robiah feeder are 518 A and 500 Agctisgely.

It can be seen that, the feeder impedance isvekathigh
due to the long feeder path. This feeder is heaugdd.
Also, it can be observed that the minimum faultentrvalue
at the end of this feeder is close to the AR cursetting
value. This mean that, at the DG penetration witmall
value, when the minimum fault analysis is applibe, fault
current passing through AR may be less than ARyguck
value that may cause protection blinding.

IMPACT OF DG ON PROTECTION DEVICES

In this section, the impact of the DG penetratiantbe

protection devices is discussed for the three sasystems.
The DG is added to the 2.9 MVA Al-Staad cable fegdd

MVA Salamon feeder as OHL system and 6.86 MVA EL-
Robiah as OHL-AR system. Through this study twn{so
are selected for the DG implementation; firstlyregt end of
the feeder and secondly at the middle of feeder.
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The system is subjected to three phase faults bethaey are
the most dangerous ones for both grid and the DtS.uhhe
protection devices coordination is tested by apglfne fault
and then the DG contribution to the fault curreriamined.
Three points are selected for fault applicatiomely; at the
end and at the midpoint of the feeder and at théodbar.
Furthermore, the DG penetration level is studietisig
from 10% of the total feeder rated power.

Impact of DG on protection of cablefeeders

In this section, DG1 is added to Al-Staad cabledéee
Firstly, DG1 is connected at the end of the feedeshown in
Fig. 3. Three phase faults are applied at poinid21 and
F3, respectively.

For the faults at F1 or F2, both the network andlBBare
the fault current. The main protection relay, R2eiates to
clear the fault, but DG1 still feeds the fault. eTtbtal results
for this test case indicates to successful operatithe main
protection relay, R2, and the successful coordindietween
R2 and the backup protection relay, R1.

Fig. 3: Implementing the DG at the end of the feeder

For the fault at F3, the main protection relay, R4,

successfully operates for all DG1 penetration kevel

Whereas, the DG1 continue feeding fault currenhefeer
the relay R1 operates. This leads the relay R@ptrate
when the DG1 fault current exceeds its pickup vallés
unexpected operation of the relay R2 is consida®@dn
incoordination condition. The results are giveiiable 6. It
is observed that successful operation (S) is oeduap to
34% of DG penetration level. After that level thase
incoordination and unexpected operation (F) foaydt2.
DG2 is added at the midpoint of the feeder instfddG1
and the faults are applied. For the faults at FAQtoth the
network and DG2 share the fault current. R2 opsrab
clear the fault, but DG2 still feeds the faultisifound that,
R2, successfully operates for all levels of thelgtand the
coordination between R2 and R1 still success.

Table 6: DG1 implementation at the end of the cable feeder

DG Penetration
Level
Fault Without DC
[kA]

DG Fault Curren
Sharing [A]
Relay Operation §
Coordination

10% | 30%

34%| 40%

50%

60%

12.5

116 | 295| 297| 383 | 469 | 553

S S S F F F

For the fault at F3, it can be seen that, the rRlapperates
to clear the fault, but DG2 still feeds the fadlable 7 gives
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the total results for this test case. It can bseoled that,
fault current is still feeding from DG2 even aftiee relay R1
operates. This forces the relay R2 to operate \uit&2 fault
current exceeds its pickup value. This incoordoratis
occurred at 33% of the DG penetration level.

Table 7: DG implementation at the midpoint of the cabledfee

DG Penetration Level 10% 30% 33{ 40%

Fault Without DG [KA] 125

DG Fault Current Sharing [A] 100 297 31 390

Relay Operation & Coordination S S F F

From the results of the above test cases, it canheuded
that, the integration of DG at either the end errtidpoint
of a feeder don't affect the coordination betwebsn t
overcurrent relays at the feeder for small DG prien
levels. The DG doesn'’t affect the coordination lestw
relays for any penetration levels when the fauttaioat the
end or at the midpoint of the feeder. In case #hédult
occurs at the DP busbar (at F3), an incoordinadiarts to
occur at 34% DG penetration level for the DG intgd to
the end of the feeder and at 33% DG penetratiosl fev
the DG integrated to the midpoint of the feeder

I mpact of DG on protection of OHL feeders

In this section, Salamon feeder as an industrial feeder is
chosen to investigate the DG impacts on its primect
system. The previous scenario is applied. ForahkS at F1
or F2, the main protection relay, R2, successbpirates for
all DG1 penetration levels. The coordination betwéee
main protection relay, R2, and the backup protectalay,
R1, still success.

For the fault at F3, it can be seen that, the rBlapperates
to clear the fault, but DG1 still feeds the fatilhble 8 gives
the results for this case. It can be seen thalt dawrent is
still feeding from DG1 even after the relay R1 gtes. This
leads the relay R2 to operate when the DG1 faulteat
exceeds its pickup value. This unexpected operatidghe
relay R2 is occurred at 24% of the DG penetratimell.

Table 8: DG implementation at the end of the OHL feeder

DG Penetration Level 10°)p 22%
Fault Without DG [A] 9600
DG Fault Current Sharing [A] 231 | 478 | 500| 620

Relay Operation &
Coordination

(=]

24%  30%

S S F F

DG2 is then connected at the midpoint of the feaustead
of DG1. For the faults at F1 or F2, the main protecrelay,
R2, successfully operates for all DG2 penetragerls. The
coordination between the main protection relay, &2} the
backup protection relay, R1, still success.

For the fault at F3, Table 9 gives the total resfdt this test
case.
unexpected operation of the relay R2 is occurrezRés of
DG2 penetration level.
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Table 9: DG implementation at the middle of the OHL feeder

. X X I X
DG Penetration Level =] Q N =
Fault Without DG [A] 9600
. [S2) o N~ N
DG Fault Current Sharing [A] & 0 2 2
Relay Operapon & S S = E
Coordination

Impact of DG on OHL -AR feeders

In this case, the effect of DG penetration on ABt@ction
settings is investigated. EL-Robiah feeder is chdsethis
case study. The feeder has industrial load andAfRes
connected downstream of the feeder. For thisstasly DG
is applied only at the end of the feeder. It isniduhat the
minimum fault current at the end of this feedeni@se to the
current setting of the AR. Applying DG at this feededuces
the network fault current passing through AR. Thage to
phase fault is considered as the minimum fault¢batd be
occurred in the network.

With increasing DG penetration level for the casat the
fault is applied at the end of the feeder, thetfaulrent
passing through AR is reduced. At certain valueD&
penetration level, the AR fault current is decreiasea value
smaller than the AR current setting; i.e. AR wilt operate
to clear the fault. This case is called protectidimding
which is a case that must be avoided for any ptiotec
system. The results are given in Table 10.

It is shown that the protection blinding of AR tak@ace at
the value more than 12%, where the network shamifeglt
current is 502.9 A which is very close to AR sejtof 500
A. Above this critical penetration level, DG fasharing is
increased resulting in reducing the AR fault curtban the
current setting.

Table 10: DG implementation at the OHL-AR feeder

DG Penetration Level 109 12% 20p6 30%
Fault Without DG [A] 518

DG Fault Current Sharing [A] 76.5 106 136.5188
AR Fault Current [A] 509.5502.9| 476 | 463

AR Successful Operation
(I settine =500A)

S S F F

CONCLUSIONS

In this paper, the effect of DG on the distributimetworks
protection system is investigated. The real traddl
network of NDEDC in Egypt is used for practical bqgtion

of this investigation. Three real selected systarasised to
simulate all protection systems in NDEDC: cabletesys
OHL system and OHL with AR system. Matlab/Simulink
models of the NDEDC network and the protection dewi
are developed and detailed simulations with thed&ia are
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performed. The DG sharing in the fault current trelDG
impact on the protection relays coordination ffedént DG
locations are studied. Different scenarios areatlidclude:
feeder type, location of DG, DG penetration leagid fault
location. The investigation determines the maximum
allowable penetration level which keeps the same
coordination between protective devices.
Based on the simulation it can be concluded that:
» The DG location has an important effect on the maxn
allowable DG penetration level. The best locatibBG
is at the end of the feeder for all feeders’ typed the
maximum allowable DG level decreases as the DG
location get closer to the main busbar
 The total SC current does not exceed the desigales v
of the 11 kV equipments for any DG penetration léve
all cases of study.
» The fault applied at busbar has the main impact on
determining the maximum allowable DG level.
» DG implementation leads to significant reductioryiid
contribution in case of OHL feeders than in caseatie
feeders.

REFERENCES

[1] Reliable Electric Power for Developing Counsiie
reported by humanitarian Technology Challenge,
available at www.ieeehtc.org.

[2] Ragab A. El-Sehiemy and Eman S. Ahmed, 2010,
“Integration of Distributed Generating Units Into
Distribution Networks”, 14th International Middleakt
Power Systems Conference, Cairo University, Egypt.

[3] P. Fuangfoo, 2006, "The Impact of Distributed
Generation on The Thailand’s Electric Power System"
Ph.D. Thesis, University of Texas.

[4] Federico Coffele, Campbell Booth, Graeme BGraig
Mctaggart, and Tim Spearing, 2011, “Detailed Aniglys
of the Impact of Distributed Generation and Active
Network Management on Network Protection Systems”,
21% International Conference on Electricity Distrilmurtj
Frankfurt.

[5] J. Martin, 2009, “Distributed Vs. Centralized
Electricity Generation: Are We Witnessing A Change
of Paradigm?", HEC report, Paris.

[6] D. N. Gaonkar, 2010, “Distributed Generatio-
Tech.

[7] SimPowerSystems User's Guide, 2012, Hydro-Québec
and the MathWorks, Inc.

[8] M. El-Saadawi, 2010, "Modeling and Simulatioh o
Protective Devices for Distributed Generation
Applications”, International Journal of Distributed
Energy Resources, Vol. 6, No. 3, Pp. 263 -279.

Paper No 100 4



