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Abstract Micro-grid research is being performed due to installation of renewable energy sources and
ESSs, and demonstration projects on a community micro-grid for the self-energy supply rate are being
carried out in Jeollanam-do province in South Korea. A community micro-grid may be operated as a
type of grid-connected micro-grid when the self-energy supply rate is 50%. An operation method for
protection devices is required because the magnitude and direction of the fault current may be changed
depending on the location and type of the fault. Therefore, this paper proposes an operation algorithm
for protection devices that considers the location and type of the fault in order to properly perform
protection coordination in grid-connected micro-grid. We modeled a grid-connected micro-grid, which
was composed of an ESS, PV system, and geothermal plant, and we used PSCAD/EMTDC S/W in order
to analyze the fault current characteristics in the case of a short circuit and single-line ground faults.
The simulation results confirmed that the proposed algorithm is useful to operate protection devices in
a grid-connected micro-grid because the coordination time intervals were properly obtained.

Keywords : Grid-connected Micro-grid, Contingency Fault Analysis, PSCAD/EMTDC, Operation Algorithm,
Protection Devices, Off-DAS, Protection Coordination
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Fig. 1. Configuration of grid-connected micro-grid
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Fig. 2. Flow of fault current in distribution line
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Where, P, rated capacity of distribution substation
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Where, = fault current(short circuit, single line
ground), & : constant value of instantaneous tap
by fault types (short circuit: 1.5, single line
ground fault: 1.4)
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START

input operation data in grid-connected micro-grid
(supply voltage, line impedance, feeder length, load capacity,
etc.)

assume contingency faults in grid-connected micro-grid
(fault k)

caleulate fault currents( y,, Iy, ) of distribution substation
and micro-grid
=

obtain setting values of protection devices
in distribution substation
(CT ratio, instantaneous & time delay tap, lever, minimum
current, etc.)

=kt 1 obtain setting values of recloser in distribution line
(i & time delay curve, minimum current, etc.)

obtain setting values of customer relay in micro-grid
(CT ratio, instantanecous & time delay tap, lever, minimum
current, etc.)

calculate coordination time intervals between protection
devices for/‘ fault f
( 1,=T,-1)

7,,, > minimum coordination time interval ?

Fig. 3. Operation algorithm of protection devices in
grid-connected micro-grid
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where, Id .ss . d component of reference current
of ESS, I ..,

of ESS, Kpi proportional gain, A;:

:q component of reference current
integral gain,
P;: d component of reference active power,
P,(t): d component of actual active power, @, q
component of reference reactive power, @Q,(t): q

component of actual reactive power
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Fig. 4. Modeling of ESS
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Where, V,, V,: output voltage of d-q axis,

L g reference current of inverter in d-q axis,

re

I, I output current of d-q axis, V,:

instantaneous voltage of output terminal

377.0
System Frequency [rad/s]

(a) q-axiscurrent controller

377.0 |
System Frequency [rad/s]

(b) d-axis current controller

Fig. 5. Modeling of current controller in PV system
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Where, V,,,: reference voltage, @, reference

reactive power,

|4

out”*

Qnui :

generator output voltage, w,.: reference
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turbine speed, 7, reference active power, 7,

out *

active power output
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Table 1. Simulation conditions of grid-connected

micro-grid
items contents
L GOIMVA]
distribution capacity
substation indi
wmdm.g Yg-Ye-4
connection
distribution 2
feeder type ACSR 160 [mm’]
S 750 kW], 363.2 [kvar]
Semiom A PV system 700 kW]
ESS 550/2,210 [kW/kWh]
et 430 kW1, 208.3 [kvar]
Sagiiom PV system 400 [kW]
ESS 450/1,743 [kW/kWh]
Section C cuit)(;rcrller 20 kW1, 9.7 lkvar]
et 34.2 kW], 16.6 [kvar]
Section D N |
geothermal 267 [W]
resource
S 350 kW), 169.5 [kvar]
Sesiion & PV system 300 [kW]
ESS 500/2,000 [kW/kWh]

5.2 HiTAS H
L

Oo|a232|E B57(7]9] MAX|

3.29] B57)7] A2 A
Ax A7 viHAR EEA, vfe]lF 2= 1A
AA719] OCR ¥ OCGR 59| HHAE 514 Table
29} Zt} of7|A, ARZ]E CTH], A, &AIH, 99
e Ak, BEEAE N2, N4 A4S gAfe= A
gt grolt.

joto] ofstel, w8 ¥

Table 2. Setting values of protection devices

OCR OCGR
installation | CT | time |instant time [instantal
location | ratio | delay |aneous| lever | delay | neous | lever
tap tap tap tap
distribution | 50/51 45 | 81 | 65 | 09 | 616 | 65
substation
recloser minimum current: 400[A], 180[A]
Section A | 40/5| 3.75 | 34.8 2 | 075 255 0.4
Section B | 40/5 | 3.75 | 34.8 2 |075] 25 0.4
Section C | 5/5 | 7.5 | 4.4 2 1.5 1.6 0.4
Section D | 15/5| 3.5 | 13.4 2 0.7 5.2 0.4
Section E | 30/5 | 3.75 | 25.5 2 0.75 | 18.8 0.4
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Fig. 9. Flow for short circuit fault in distribution line
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0.09kAlS] At AF77F FF= o], AAZOZ 3.14[kAl
o] AHFIF Fy AHoE fY9ES & & Utk

9] 2}

=

ACgria
2.9k

2.05Kk4 |

' a 014kA 0 036kA
+ By
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|
1®
380y | 3s0/v]
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10. Flow for single ground fault in distribution
line
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Fig. 11. Operation characteristics of protection
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Table 3. Fault current characteristics

fault current[kAl
fault — ks;hc>4rt circuit single line ground
location | distribution micro-grid| distribution | micro-grid
substation ) . . )

R side substation side side

side
F A 2.7 2.9 2.2 2.28
Fp 2.7 2.88 2.15 2.24
F, 2.7 2.96 0.84 1.14
FD 2.7 2.98 0.97 1.24
Fy 2.7 2.8 2.16 2.24

Table 4. Operation characteristics of protection

devices
operation time of protection devices[cycle]
fault short circuit sing line ground
logstl iﬁg;?;;g;ﬂ recloser| MG d;jgi);ﬁ)c;n recloser| MG
OCR OCR OCR OCGR OCGR | OCGR
F,| 445 23.2 13 42.4 127 | 26
Fp 44.5 23.2 13 424 13 26
FC 44.5 23.2 13 43.1 35.1 2.6
Fp| 445 23.2 13 42.9 291 | 26
Fy 44.5 23.2 13.1 42.4 13 2.6
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