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o pi s RERRRER S EZERGEL
RN HARE A (R E S RS T R
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2.1 Bt S R IR RiRaVE L
20254 ZERKE/ DA S.5 GWHYEEJE

B BRTEE R AKEN N R
W13 %4 EE BRHY Static Var Compensation (SVC)#i

52 IEEE 519-2014 28 FRE8 K7 HH i

Bus voltage V Individual | Total harmonic

B aZPCCg harmonic | distortion THD
(%) (%)
V<10kV 5.0 8.0
1kV<V<69kV 3.0 5.0
69kV<FV<161kV 15 25
161 kV<V 1.0 | 5°

ERAE ¢ 1IEEE Std. 519, 2014 -

Static compensator (STATCOM)Z 1% » JE T4
DUR g REB BB IR » # R R ERY A ER S -
36172 15 b B R B BR A B AR (R T 1 B R I
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Ve E A & - W IIERS MY 1A
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EREEE20 GWHYKRIGEE - R ERT
S E T RR & E) Winverterd - T
HH RS BRI K] - 2R E R 5E -
LU RS Mt 7E(Shan, 2017) 85 A UGS
R BN VU THRER B - 40fE 1 2 S BRA A (High
Voltage Alternating Current, HVAC)EA[E2 7 £y 1=

main A
230kV grid

AC 230kV undersea
High capacity mid-
voltage set cable I cable system
Booster substation SSiis
230KV Shunt
reactor
[ ity ity Aty Sty By .
| Set grid
|
}
lLow ---------- 1
lcapaciy Wind turbine!
| mid-voltage, with :
set
:c.u., transformer

1 e UG R AN ZE 131
EflAE ¢ Shan, 2017 -
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main AC

: T: :
Converter DC £100kV Converter : 230kV grid
G undersea cable (@) BV/29%&V
= system ~
Booster substation
230kV

B2 IR R R A ZE ]
LRIAE ¢ Shan, 2017 o

BRE i (High Voltage Direct Current, HVDC)##4
i BB - W (RS o 8B - B
BEFE 1052 MW 2k [0 4 Bt (Permanent
Magnet Synchronous Generator, PMSG)JF,=(HY
JEE > HAEERE 160 MW > DR R E
ENDEREE0FER T - &HERESEEHLE
T EHEAEE R FE200 MWHYTERE B 15 (Booster
substation) » FFFEEFHHVAC 245 (E 1)E(HVDC %
(E2) b 2 e -
(1) SRR B A

WIEBAR &S R ACHEHZER: - BRI
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450 -
400
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Impedance/(ohms)
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(2) RER SRR R RS
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Harmonic
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Harmonic
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ERFkJE © Shan, 2017 o
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T UEE R A B -

(3) (R EEER 48 BRI FH Ut il = JE\ BR RS R Y 52
88

TEFBREEREHEEAMEEGT @ 1
BER FEIRYEHUEHDUS RS2 & WIESHT
o BB RE A3 kmPL R 0.29 pF/kmiyE A
{EE10.0991 Q/kmIEFFFHET » F 7 Al f5#EE0.32
mH/km ~ 0.45 mH/km ~ 0.52 mH/km#i0.6 mH/

kmfy A [E B R MEAE - WAETT AT o AR
SRR > ORI R R M (E A R YRR
PRESPH DU R HRS RS BT 6 TG - 4RI

R B R B R - (P AR

PR

(4) (SRS I S R0
£l

TEFEBREE REHEEGIMEEGTT - #
BN FEBE SRS RG22 dE6AT
T SR B3 kmE0.0991 Q/kmIEFEE 0
43 RIBL0.15 pF/km ~ 0.20 pF/km ~ 0.25 pF/km
B10.30 pF/km N [5] Y 8E 25 R (B AE T TSR 0 A

400
350 ——0.32mH/km
—— 0.45mH/km
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300 - —— 0.60mH/km
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J& ST 0.0703 05;(())(;1%66:00 0.0609 06:4(1)35)(;:40
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1064F
) 0.0559 08:50-09:50 00579 20202110
N 0.0631 10;;)81(;51 20 0.0730 14:(())(1(13:50
J&JT + KFshe 0.0526 08:?311)99:50 0.0540 20:5(?1%21:10

2025 Kot e H A B HIE20 GWELR T3
BEEREESS GWEN MER - F—E5T7
7% H1OSTEAYE ST I A K 78 498 [ o
{E&ER50.335 GW ROK P e B i R LA 2 b
B2 F51.530 GW > [N HEFS 2025 5 i A LA
fEEFRE R 1.865 GW » SF MG HITA &
{5 I TOSEE R I+ R PS5 e B e KB S e b
BHEHER - #EE2025FEHERRR A EBEE(b
EARER1.436 GW - RIGHYZR ATRERIFIA R
FHERERT EFE S ER S LB Y
SRR Tl > 2018) - ARG EE
BEER > SR ERNAHERS ZHER
f i o DRI R A S P A0S WA T 2 AE TR e A
BRARFIENTFE - WES S ASERIITFE R - A8
TTEER - PR L2025 FE AR RE R S R B AH 5
{EE1.436 GWHE | - 2 &Ml E] & EHY (KA
HIECE BB > EE S ERSAERE > HI
BHLEN SRR - (PEGEN S EA SR
Haca LR & e SR - HEFERAVE
B P e B Ry 2278 S Fee P A RE TR 59— THER

%o

2.3 BERIRISMERE

JEBRHY SRR ARE T - & B S HAE

JIH R H i R o JEVER AR AU R E LE A (3
YK TIERE » BEA S0 A SRR 5 2
A2 % > HAl RS R L LK T E
AR EERRAE Ry & /KT AR Ry R 2 e (A
BEMERHBEEER B THEFRGH
HanE o ARRE T R HRIAOF AR (grid
codes) e L E M ZEFE (inertia response) DL 7 7547
4R AR E | (primary frequency control) (Muljadi
etal.,2012) -

JE\ s A BT HEAYBE R - — fise AT PR ] L A L
T3 [ EREAE R E R N AR iR AT - i
SR ARG - BHEGT S ER BT
0L JEHEEE /By B RE Rl Z BB Bt R 4R
FEHIF%HIAYRE £ (Morren et al., 2006) - [
T e Eh AR (B) B E & 5 B (H) 7T 73 B DA
2HFR o HE R B AR A S e A
MR DR Z ISR - — MR
Ry B E B2 200 2/ > 18
BB R2ZE6F) 2 i (Camm et al., 2009)

I

E==Jo, (1)
E  Ju?
H=— =22 2)
S 28
Horr
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J o EE T EE
w,, * JEEE TR
E RS e Eh AR
S fZfE {1 #Ek2 (nominal apparent power)

SR HMABREE 1 2 B EBE )
EEFiEias (converter) B85 )] 247 H BE - R
1% o T L R B B A AR iR A (decoupled) - L%
TR A e EN e W i AT R aE AR

A LIGEA E 2 I Midwest Reliability
Organization (MRO)A20174-FkZRER YR 2 T] 5¢
[EE R A0 Z RO RS
HER R REE S EPI 2 RGN ENE - %
A EEAHK P HAE R - B R EIL14
GW » ZbH7E 73 kAR A [E 258 (1,000 MW)%
Gz =B 3 al BEE - BIEE2E
JE I R BB S 2 E > B 1% - HalEl 127] 3%
W NEBEEEE Y —RERE 2 R

HHBERNEI S 2 4% (BEEELR)

A] R DUBBS R EGOK I - B AR E
R BEEN - FEEEEN ARARE
JfE - (Voges, 2017)

EREIEEBIERCE /R T imECESE

EREHITE RS - NEREIRRL
ERE T - FEEILHF ~ SRERHERTR - o R
KRB EEGFREEL T - HRAHEREZE
Ftka - SOhn B RS BN R
A SR PRI RV (4 S B A 1R P T (FE A
FR)EBIAIR -

2.4 BERERESHIVRE DRI
fetm i A S R AR RE TR R 2 )
BRIV 2 Bi%E - 4120044521 H 18 H PE3E
FHERIFE > HNEFETEWE L% -
BB ST EREEICE A9 Lo ERE
I JEL I A SE R K B JBR Y st Al 1T 5 [RE R
FItAEBEE BN - MBI S SE R E - AE
3R » S5—%61 » 4120065 11 H 4 HBON A
B BN AR > BONERE B (Union
for the Co-ordination of Transmission of Elecricity,
UCTE)f#ls - R EE4E s ppa i ~ 3ILH ~ K
PR =1 - AIE 14FT7R > RS EEIEF A
P BB H BRI IR R GRS B
BEHE S - BEAN > EE R AES o B SR
AR SRR 5549, 5Hz » fRIBGREHEER

605

w1000 MW Synchronous Machine

=== 1000 MW Wind without WindINERTIA

w1000 MW Wind with Smple WindINERTIA Model (Rated Wind Speed)
600 +

With WindINERTIA
frequency excursion
is ~21% better

Reference Case

585
Without WindINERTIA frequency
excursion is ~4% worse

580 - .

0 10 Time (Seconds) 20 30

[E12  BERE AR SRR B ]
ERIACE © Voges. 2017 -
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3,400 I

3,300 A \

3,200 ﬂ

3,100 A
3,000 ﬂv I M\

g 200 . — 5
< 2,800 {,.\

2 2700 Wind Power Outage Induced __|
& by Short Circuits in the
- 2600 L ] \ Transmission Network.

S 2500 AV _

2,400 - !- £\
2300 \ ] [ Wind Power Outage Induced __
: \Y Y by Short Circuits in the
2,200 \ Distribution Network. ~ —
2,100 +— A~
2,000
0 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time (24 h)
13 20044FFEHE A2 BB EHUEEUR S 155 B PR
ERIRE © Eriksen ef al., 2005 ©

514

512

51

508

506

04 e e —p———Y

o 502

m.

498 -

496

w—Zone WEST

494 ==Zone South East PP ait

o /\w—-——_/-/

9@ —_————
o © © © © © © o © © © ©o© o ©o© o o o o o o o o
8 8 8 8 8 8 8 8 8 8 8 8 8 8 &8 8 8 &8 8 8 & 8
g ¢ ¢ - ¢z g ¢ 2 2 & & 2 2 ¢ 2 £ = 2 2 2 2 7
8§ §8 §8 §8 §8 § §8 §8 §8 §8 8§ § §8 8 §8 §8 § § & & 8§ ®§

Time
B4  BONAIFBEUCTEEH % & i 2 SR ihaR

ERRJE © UCTE, 2007 o

LB PR HLIE A 22: 10282300851 Y - gtA
4892M WY [\ 5% 25 &8 B SR e AR - 4TI 1S P

T o PRI E & I P AR RE IR A 0 Y B R A
SRS R AR - DA RS A I PR AR RE TR A
kAR > THE M H T E AR BN AE JIHYES
AEIR G HEAAHEAIFE R -

g e 2 Bk o 4% ] B8 B P AR RE R B (R Y RE
- BAEHY RS2 BE T DA [ 47 B A 4H Al
Z M REER A RE - 20 Western Electricity
Coordinating Council (WECC)7£20074F- 283 &
85 BB B 1 4 AR AR T 1Y 1 Rz i B B R
ZEHk 4% (Voltage Ride Through, VRT)Z]ERY
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: 8210 MW

: 750" MW
total: 310 MW
wind: MW

total : 9 104 MW
wind: 7" MW
total: 140 MW

wind: 30 MW

total : 20 380 MW
wind: 1 660 MW
total: 700 MW

wind: 700 MW

total : 5991 MW
wind: 55 MW

total: 224 MW

FR wind: 0 MW

GENERATION at 22:09
total: 182 681 MW
wind: 6476 MW

total : 3490° Mw (o],

wind: 0*MW GENERATION TRIPPED

between 22:10 to 23:00
total: 10 909 MW

total:0 MW
wind: 0 MW

wind: 4 892 MW

total : 61581 MW
wind: 188 MW

total: 2 882 MW
wind: 113 MW

total : 3796 MW

wind: 0 MW
total: 42 MW
wind: MW

AT (West)|
total : 2 542 MW
wind: 38 MW

total: 315 MW

wind: 26 MW

total : 28719 MW
wind: 3938 MW

total : 5796 MW
wind: 532MW
total: 1467 MW total: 3 729" MW

wind: 473 MW wind: 2 800 MW

total : 30 316 MW
wind: 58 MW

HR (West)

total : 1240 MW
wind: 0 MW

IT total : 1516 MW
wind: 0 MW
total: MW

total: 200 MW
wind: 0 MW

wind: 0 MW

total: 900" MW

wind: *MW

*estimated

[E15 UCTEPGE) B4 & & S B kAR &
ZklAcE © UCTE, 2007 o

FH(WECC, 2007) » FSCER 2 R WECCHIE &
JBR i i 2 ek b 4 [ R s e A R 5% R P 2K
HYRTSES R - BT Bh It h 4R A B 57 25
BRI PE S O EE AR AT SESE M B SRR
WECCH ST EHTIRATILVRT(Low Voltage Ride
Through, LVRT) i 1% » it dh & B B4 T BE
AR AR T AT - TESEREA etk
NEBTih A EEZE 2 R -

WECC VRTF# i ff RE8E Ry POTEL(Plant
point of interconnection) {435 % 86 i 1B LG = R
(il - FYPOIFTHIE AV BB B ATT G iRE - HER
BHWECC A il E [ ANl _E 5 By DO {18 28 JBR 58 57 A &
SEGETTE BT AIE N6
() EFERKE S ER-ERATTE(SEELT

ANSI C84.1)
(2) LVRT- =[5 BRI 5+
T # b T 5 VB BRI A (B & Relay 2
JE ~ (eI S5 1 ) 3 B A 2 (e 2 H AR E
PEZORA A A S A Ar 35 BE AR i 2 38 B
T T R 25 v JBE {H s = R Y e » Ry e —

(&l S E Y = SRS FRIB S HYIEE - WGTF
(Wind Generation Task Force, WGTF):f{& H
B NS EN A BERREA BRI A
CFk - YIS RS A A B HIEE BB FTa
Zone 1ERIRAVE RV E 5 PRI A ANE 18 - IE
R [E R R WECCE S L (R E R st
JE 18 5o 8 9 R KLV RT i 43 5% i (H B A &
HORE R 2 IR EHL R - 5 © Zone 1€
Fo RytdU e A B IR HIE BB R M AR PR &
FET5% AN -
(3) LVRT-2E BA PR 1R ]

WECCEA[R 55 (2) 18 3 A i & 48 AR A
B HIFEER B T 3% E Zone 2 A [ ZEH05
BRASE REHE R Y 40 19 © 3F  Zone 27EFR Ky
e 5 A A B PR P B B M AR AR P R [
75% -

(4) HVRT(High Voltage Ride Through, HVRT)-5;

BRI S

JE\ 355 7] R PRI R 075 o 1% 2 A 1Y /= BELBR
(A B B Pregtdl kL - #EHVRT
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14
1.3
1.2 ,
1-1 ‘ﬁ’i)&w .- 3
1.05
1.0
0.95
0.9
S 08
a
& 07
3
> 06
05
04
03
0.2
0.1
2.9 10 00 10 20 20
Time (seconds)
[E16 WECCERER
LRIAGE @ WECC, 2007 »
National Steady-State Voltage Regulation Standards
Nominal - ANS! e Name Plate NEMA
Service Utilization
Standard -5%, +5% -13%, +6% -10%, +10%
114 - 126 104.4 - 127.2 115 103.5-126.5
208 197.6-218.4 181-220.5 200 180 - 220
240 228 - 252 208.9-2544 230 207 - 253
277 263.2-290.9 241 -293.6
480 256 - 504 417.6 - 508.8 460 414 - 506
bandwidth 10% | bandwidth 19% bandwidth 20%
17 ANSI C84.1 fEAEEE A #i
LRIAGE @ WECC, 2007 -
Zone 1 Three-Phase Faults with Normal Clearing (Cycles)
Company 500 KV 345kV 230 kV 161-138 kV 115-100 kV 69-50-44 kV
Company A 4 45
Company B 3 NA 5 5 6 6
Company C 3 34 5 5 NA 6
Company D NA 34 4-6 46 6-7
Company E 6 6
Company F 68 68 812

B 18 Zone | ZAHE[EEFRHFA]
ERIEE © WECC, 2007 ©
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Zone 2 Three-Phase Faults with Normal Clearing

Cycles Seconds Voltage Bus Data Source
77.0 1.2833 0.71 Lockeford 60 kV (PG&E)
770 1.2833 0.86 Lockeford 230 kV (PG&E) : .
250 0.4167 015  [Contra Costa 115 (PGSE) SN2 EXBA (100 Cilong Thommes
25.0 0.416_7 0.91 Contra Costa 230 (PG&E)
70 0.1167 0.425 Nine Mile 230 kV (PAC)
258 0.4300 0.710 Wolverine Creek 161 kV (PAC) 8/18/2006 Email From Dean Miller
5.5 0.0917 0.300 Foote Creek 230 kV (PAC)
200 0.3333 03 [BEPC )
20,0 03333 05 BEPC 8/24/2006 Email From Matt Stultz
222 0.3700 0.225 Pincher 138 (AESO) 2/16/2004 ABB Report for AESO
31.2 0.5200 045 Pincher 138 (AESO) Table 2-1, Cases 2, 5 & 14
31.2 0.5200 0.35 Peigan 138 (AESO)

19 Zone 2 = HH[E AR
ERFRJE - WECC, 2007 »

A H AER 7 S BB AE LL I ] P )y o] B Az $X WECCHREHT Al VRT Hf f S {845 [F] 2 5%
WORRPERS - B NEGPR RSN BRI TEE R E 20 - B T AR
BYEE - WECCHRfE — iR EMIELETE BRI SE M 2 SR T

HVRTH45 - (Inverse-Time Relay) 7z B35  EHF 4 F 28 (Dual
Figure 15
New VRT Standard vs. Synchronous Generator Performance
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03 & 7 Eight (8) additional |
’ 7 generators tripped;
02 ’: however, not enough data H
04 7 was available to identify
oy y on the graph.
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—New WECC Voltage Ride-Through Standard
@ No Generator Trip
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= Gen MFG Rec. Protection Curve (Inverse-Time) V/Hz Relays
= Gen MFG Rec. Protection Curve (Dual Fixed-Time) V/Hz Relays

[E20 WECC New VRTEL[E20 5 B8 AH B 14 LL#R
ERIFGE © WECC, 2007 -
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A Discussion of How High Penetration Renewable Energy
Makes Impacts on Power Grid

Bo-Cheng Shen'” Chia-An Chang” Wen-Hua Hsu' Chia-Fang Chang'

ABSTRACT

In 2016 June, the revised version for renewable energy target was released by Bureau of Energy,
which mean that the total renewable energy target capacity will achieve 27,423 MW in 2025, and that
the penetration of renewable energy in power system will be raised in the future. The power quality and
reliability in power system will be affected by renewable energy because of its intermittent characteristic.
The harmonic effect in power system is significantly grow as more and more non-linear power sources
and loads are used. Owing to the variety of system inertia and renewable energy output, the relays in
grid need to be rearranged in the future. There will be more power failures and the problems in economic
development if there is no measures prepared by government. To help carry out energy policy successfully,
the influence of renewable energy on power system will be talked about in this paper. The suggestions for
carring out policy and study will also be presented.

Keywords: High Penetration of Renewable Energy, System Inertia, Frequency Response, Protection
Relay, Harmonic
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