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Abstract

The issue of extreme climate and energy consumption is becoming more and
more important. Zero carbon and autonomous energy management have become
the development trend of various countries. Sustainable and renewable energy has
gradually become the key to the development of electric energy.

The Taiwanese government has set a target of 27.623GW for renewable
energy generation in 2025. The target capacity for solar photovoltaic installations
Is 20GW, and the capacity of offshore and onshore wind power installations is
5.7GW and 1.2GW respectively. It will account for 20% of the total power
generation. Taipower promoted 12 friendly grid-connected measures from 2018
to 2019. By the end of November 2020, the total capacity of grid-connected solar
energy has reached 6.5GW, which means the promotion of green energy
succeeded.

Distributed generation (DG) is a small-scale potential power generation
system. Compared with traditional thermal, hydraulic and nuclear power
generations, DG is small-scale and easier to build. DGs have higher efficiency,
but they also lead to operational problems to the power grid. These problems
include location, weather effects, day/night power generation time and power
generation, which is uncertain and difficult to control. When connected to the grid,
a short-circuit fault caused by DGs may occur in the distribution network. The
presence of fault currents can lead to a change in the power flow direction. Thus,
the response of the current protection device of each line may be malfunction.

The sites as well as the rated power output of a DG in the power grid may
lead to different effects on the distribution network. This project analyzes
protection methods involving DGs, and adaptive fast-open protection in the
distribution network.

This is the final report. It includes state estimation related to distribution
systems with DGs, protection schemes for distribution systems with DG as well
as adaptive current protection.

Keywords: Distributed generation, distributed network, inverse time overcurrent
protection, adaptive current protection
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21 AR ELSETRE (BRIBR A4 EPKE0)

Bus Node | Vin(V) | Angle pu ERIENV) | FL%

IE10 1 217.59 0.0 0.992 217.5 0.041
217.59 -120.0 0.992 216.8 0.364

217.59 120.0 0.992 217.5 0.041

ES5S555EES5-S01 224.7 3.6 1.024 217.0 3.548
224.7 -116.4 1.024 216.0 4.028

224.7 123.6 1.024 217.0 3.548

C3333CC33-S01 224.66 3.6 1.024 217.0 3.530
224.66 -116.4 1.024 217.0 3.530

224.66 123.6 1.024 217.0 3.530

C3333CC33-S02 224.62 3.6 1.024 - -

224.62 -116.4 1.024 - -

224.62 123.6 1.024 - -

C3333CC33-S03 224.66 3.6 1.024 - -

224.66 -116.4 1.024 - -

224.66 123.6 1.024 - -

C3333CC33-S04 224.67 3.6 1.024 217.0 3.535
224.67 -116.4 1.024 217.0 3.535
224.67 123.6 1.024 217.9 3.107
Al111AA11-S01 210.89 7.8 0.961 217.9 3.217
210.89 -112.2 | 0.961 217.0 2.816
210.89 127.8 0.961 217.0 2.816

AT111AAT1-S02 210.89 7.8 0.961 - -

210.89 -112.2 | 0.961 - -

210.89 127.8 0.961 - -

AT111AAT11-S03 210.89 7.8 0.961 - -

210.89 -112.2 | 0.961 - -

210.89 127.8 0.961 - -

A1111AA11-S04 211.31 26.6 0.963 217.9 3.024
211.31 -93.4 0.963 217.0 2.622
211.31 146.6 0.969 217.9 3.024
B2222BB22-S01 238.43 46.0 1.087 217.9 9.422
238.43 -74.0 1.087 217.0 9.876
238.43 166.0 1.087 217.9 9.422

B2222BB22-S02 238.43 46.0 1.087 - -

N | = | W N[ =W [N =W [N =[W[N[=[W[N[=[W[N[=[W[N|=— W[N] W[N|=m]|W|N|=—]Ww]|N

238.43 -74.0 1.087 - -




3 238.43 166.0 1.087 - -
B2222BB22-S03 1 238.43 46.0 1.087 - -

2 238.43 -74.0 1.087 - -

3 238.43 166.0 1.087 - -
B2222BB22-S04 1 238.43 46.0 1.087 217.9 9.422

2 238.43 -74.0 1.087 217.0 9.876

3 238.43 166.0 1.087 217.9 9.422

(%6 Bui AB18 i g g @)

22 PR LSBT RE (MR Ba A2 ms 28R E ki)

Bus Node | Vin(V) Angle pu EREWNV) | EL%
IE10 1 217.59 0.0 0.992 217.5 0.041
2 217.59 -120.0 0.992 216.8 0.364
3 217.59 120.0 0.992 217.5 0.041
E5555EE55-S01 1 226.48 33 1.032 217.0 4.369
2 226.48 -116.7 1.032 216.0 4.852
3 226.48 123.3 1.032 217.0 4.369
C3333CC33-S01 1 226.44 33 1.032 217.0 4.350
2 226.44 -116.7 1.032 217.0 4.350
3 226.44 123.3 1.032 217.0 4.350
C3333CC33-S02 1 226.44 33 1.032 - -
2 226.44 -116.7 1.032 - -
3 226.44 123.3 1.032 - -
C3333CC33-S03 1 226.44 33 1.032 - -
2 226.44 -116.7 1.032 - -
3 226.44 123.3 1.032 - -
C3333CC33-S04 1 226.44 33 1.032 217.0 4.350
2 2644 | -1167 | 1.032 | 2170 | 4350
3 | 22644 | 1233 | 1032 | 2179 | 3919
AlITIAAIL-SOl | 1 213.23 83 | 0972 | 2179 | 2.143
2 21323 | -1117 | 0972 | 217.0 1.737
3 213.23 128.3 0.972 217.0 1.737
Al1111AA11-S02 1 213.23 8.3 0.972 - -
2 213.23 -111.7 0.972 - -
3 213.23 128.3 0.972 - -
Al1111AA11-S03 1 213.23 8.3 0.972 - -




2 213.23 -111.7 | 0.972 - -
3 213.23 1283 | 0.972 - -
Al111AA11-S04 1 220.61 27.3 1.000 217.9 1.244
2 220.61 -92.6 1.000 217.0 1.664
3 220.61 147.4 | 1.000 217.9 1.244
B2222BB22-S01 1 256.31 46.0 1.168 217.9 17.627
2 256.31 -74.0 1.168 217.0 18.115
3 256.31 166.0 | 1.168 217.9 17.627
B2222BB22-S02 1 256.31 46.0 1.168 - -
2 256.31 -74.0 1.168 - -
3 256.31 166.0 | 1.168 - -
B2222BB22-S03 1 256.31 46.0 1.168 - -
2 256.31 -74.0 1.168 - -
3 256.31 166.0 | 1.168 - -
B2222BB22-S04 1 256.31 46.0 1.168 217.9 17.627
2 256.31 -74.0 1.168 217.0 18.115
3 256.31 166.0 | 1.168 217.9 17.627
(79 Feid AP kg iplE
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(2) ¢ TS H
AVERPERY cR4R I REFEGRELIG T AE > HRT
PRAE GRS PEERS g BEREDOIHERERLI BRI A
5] 5 1.022kW ~ 0.499kW ~ 0.4536kW % 0.8303KW » 4 Bl(= )*77 ° i i
# OpenDSS &1 % £ RIEV BB FREHTI5 L 95 0.62% - @ INOL
A M TR 4(40512kW) o gt RgE L 1.2481% 0 I AAOS * MLE f
(343.25kW) > 324 5 1.36% - AAOL2 ies F1% PV(0.8303KW) & 4 2 58 » #7

FAOTREPIENTRS 1.2% -

P=343.25kW

Load3
P04 P=04536KW
-
6 % [ ¥ I | ANDG AADT  AATB m!mg A‘J,mo
L Ji2() Aa01 A.FIU:Q M!!:B ﬂ}!m
pvd
4805 AADI1 P=02303kw AADI2
AR(Z) -7 tnE AE
23 LR AR LSRTRE
Bus Node | VLN(kV)| Angle pu EREKV) | FEL%
INO1 1 6.733 0.0 1.023 6.73 0.0446
2 6.733 -120.0 1.023 6.65 1.2481
3 6.733 120.0 1.023 6.79 0.8395
AAO01 1 6.733 0.0 1.023 - -
2 6.733 -120.0 1.023 - -
3 6.733 120.0 1.023 - -
AA02 1 6.733 0.0 1.023 - -
2 6.733 -120.0 1.023 - -
3 6.733 120.0 1.023 - -
AAO03 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
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3 6.730 119.9 1.023 - -
AA04 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
3 6.730 119.9 1.023 - -
AAO05 1 6.730 -0.1 1.023 6.64 1.36
2 6.730 -120.1 1.023 6.67 0.90
3 6.730 119.9 1.023 6.77 0.59
AA06 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
3 6.730 119.9 1.023 - -
AAOQ7 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
3 6.730 119.9 1.023 - -
AAO08 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
3 6.730 119.9 1.023 - -
AA09 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
3 6.730 119.9 1.023 - -
AAI10 1 6.730 -0.1 1.023 6.72 0.15
2 6.730 -120.1 1.023 6.74 0.15
3 6.730 119.9 1.023 6.71 0.30
AAIll 1 6.730 -0.1 1.023 - -
2 6.730 -120.1 1.023 - -
3 6.730 119.9 1.023 - -
AA12 1 6.730 -0.1 1.023 6.65 1.20
2 6.730 -120.1 1.023 6.69 0.60
3 6.730 119.9 1.023 6.74 0.15

(%9 Beh AP0 g mpl E)
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AF(z) 724G T RE T # & Simulink fi5t

AR(T) 77500 TR T % & EMPT Hi5t

# 4 Simulink & EMTP = &3 BRiR = E 2 354

Bus Simulink(pu) EMTP(pu) A%
INO1 1.00 1.00 0
A0l 0.98 0.982 0.204
B02 0.983 0.988 0.506
C03 0.98 0.982 0.204
D04 0.96 0.986 2.637
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Loadl [:
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2 3¢ Bl
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Loadl

AR(Z) ZARGRTRMET R 2 R

BB Eh B 3t INOL-AOL 2. FF (4- ] = ) » & %2z & % 10cycle > »
u ikt ABC = tp7Ek ~ AC 3 p ek 2 A H ipiei » 3R £ 7niE BO2 dhic

Hdifevrd 4 5% 04 & i ABC = fpiest & Mp » & Simulink 2

EMTP /iniE#+ 5 BO2 pFip| & | chexf it RMS &5 % 6 0] 5 AC & 3p 2§

. Simulink &2 EMTP /i # & B2 pFip| & 3| e T 7 RMS & 5 £ 7 /Y

= AH fp i & Simulink &2 EMTP /i i8# 5 B02 F#ip| £ I] ehexfa 7 it RMS

7L
i o

# 5 Simulink £ EMTP % B02 il & 3| <hecf 2 i RMS & (ABC = 1p 28 )

la(A) Ib(A) Ic(A)

Simulink 28.9 28.9 28.9

EMTP 25.8 24.2 24.2
ExS 12.01% 12.01% 12.01%

4 6 Simulink 22 EMTP % B02 i & 3| e 7 i RMS & (AC 7 4p @)

la(A) Ib(A) Ic(A)

Simulink 331.1 294.8 302.3
EMTP 320.2 291.7 323.6
#i 3.40% 1.06% 6.58%
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#. 7 Simulink ¥&2 EMTP & B02 i#] £ 3| ehec i & it RMS (£ (A H 4p2#)

la(A) Ib(A) Ic(A)
Simulink 257.2 203.6 215.2
EMTP 249.4 202.1 215.9
=] 3.12% 0.54% 0.32%
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