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® UPFC : i * 4% 4 @i+ E(Universal Power Flow
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W8I Marcy 87 97 345KV i 2 SR AT > * TR B a4 A

Frud A ETR P2 5 11T ARG #2 R0 Er wdid

# %R E TR-SE1 2 SE2- Fipdl 2 » W i L a2 T4 900 -

Config | Type Tnv #1 1o Imerterl-fuor;;e:g?n Swocq | lewabls Transitions
0 QFF Not Usad Not Used Open ALL
1 STATCOMI00-1 TR-SH{LV1) Not Used Open 0,3,7
2 STATCOM100-2 Not Used TR-SH(LV2) | Open 0,3,8
3 STATCOM200 TR-SH(LV1) TR-SH(LVZ)| Open 0,1,2
A S8S8C100-1CC TR-SF1 Nont llsad {ipen 0,6, R
g S33C100-UNS Not Used TR-SEZ Open 0,6, 7

$£S8C100-UCC
B S8 SCANINS TR-SE1 TR-SEZ Open 0,4,5

STATCOMI100-1
7 $SSC100. NS TR-SH{LV1) TR-SE2 Open 0,1,5

$85C100-UCC
<] STATCOMI00.2 TR-SE1 TR-SH{LV2) | Open 0.2, 4

a UPFC100/100-UNS TR-SH{LV1) TR-SE2 Closed 0
10 UPFC100/100-UCC TR-SE1 TR-SH{LVZ) | Closed 0
11 IPFC100-UCC/100-UNS IR-SE1 TR-SEZ Closed o
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¥ CSC % »+ STATCOM 2z i@ ##-5 » #4417 2 5 : (1) Voltage
Control-2 2.3 R 4 14 p #54-4] 345KV ®iidtz TR 5 (2) Var

Control-& z_ & »c 7 4 =% 1’@“31?] d1iE 5 (3) Voltage Control with Var

(m

Reserve-%k T T R 44 B p e B> L BT &%T 4+ ZEMH %f
£2.%2 - B 5 T is 2 STATCOM Aot Voltage Control with Var

Reserve :& itz 4o » P 2 WA T 2 28 7
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1.033pu(356.5kV) > Droop & 0.03(% ¢ &2 AL %) > T it F pF i sc
T 4 L4130 40.2pu(20MVAR > = ¢ ) & = STATCOM 323 - ¥

+t80MVAR &£+x% # 2 & > MEH R eF A 1&H§T,u~ °

STATCOM200 - Config#3

Inverter #1 Inverter #2

Volluge (pu)

Marcy Bus Valtage (pu) Marcy Bus
_j_

Cap =1in1't'rvn | [ Tnductive C “D_m:i_ﬁ“‘- | | 5 ]Ilﬂll(t“ e
Lirpit : Linil Lisnil Lisnil
e — T e
-L0p.u. Reénctive Current L0pu. Lipu Reactive Corrent Lipu
(-100 MVAR) Q00 MVAR) (100 MVAR) (100 MVAR)

Inverier #1 Relerences Inverter #2 Relercnces

Vollage Conlrol Vollage Co

Voltage (kV) 3565 Voltage (kV) 356.5
Yoltage (pu) 1023 Yoltage (pu) 1.033
Vi= »==a kY 1.030 py [VI= - o R 0.030
Qinv 1~ 1.7 MVAR JQim2

Dnid-STATCOM Reactive Power—

VAR Reserve Limits f11 h VAR Reserve Limits #2

Upper (pu) @200D Upper (pu) 0.200
Lower (pu) 0.200 TLower (pu) -0.200

B 5 STATCOM sw*t Voltage Control with Var Reserve & it2_ % &
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Marcy % % #73 %2 STATCOM 2_ 2 & ## it 5 : (1) sk sin ¥ prp &
3 EF 345KV min TR 5 (2) 6 suiy 3 F e 3 £+200MVAR & 227 4
P fr 4l B Bl ed gz g2 55 (B)H e
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Imverter #2
Marcy Bus

Indu¢iive
Limit

Cu_];nciﬁvr
Limit

-lupa Reactive Current
-100 MVAR)

Yoltage Cantrol

Voltage (pu) 0927
Yoltage (kKV) 3440
Droop 0.030

Vi 251.2LkV 1047 pu
Qinvl= s1.8 MVAR
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Er=

i@ ¥ 3 2 STATCOM % »+ Voltage Control with Var Reserve
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Il
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Wik G Rl ¥ pFA 2 STATCOM & »c® 4 18§ 140140

S

MVAR » %5 +160 MVAR &% 4 i T ;@nawﬁrccf%,u\ :
s @ 2 NYPA #2003 # % & CSC #3% 34 % 1.4 4 FACTS
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B g R4 BHEEN e L

2011 # £ @ # # 3 Fx(Electric Power Research Institute, EPRI)
a4 i@ ﬁiﬂ 7% ¢ & (Power Delivery & Utilization Program Advisory
Council Meeting) ;»+ 9 " 12~14 p 2 RrfEad & YA L% B »

AN E RS T e T ERD BN > WERTRERY - FHE FTE

e A R T T
PEREEFEF BEET USSR L AP s B g 0 f
BHF=F 3t g Tt A AT L

® T 4 X (Power Quality)

=

® 74 ﬁi%lii(EIectnc Transportation)

!

® T s % T #r(Transmission and Substations)

® T EH - ARE|E E 4w ARE & (Grid Operations, Planning &
Renewable Integration)

® . /it 3 (Energy Storage)

® & 7 x(IntelliGrid)

® i m»F 2 7 & & &(Energy Efficiency & Demand Response)
® /i {4 iR & (Integration of Distributed Renewables)

® fc ik ti(Distribution Systems)
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TREE R Z AL N RE LA BTG EBRE AR X 3P
%+ P39(Grid Operations) ~ P40(Grid Planning) 2 #7= = P173(Bulk
Variable Generation Integration)# 1 3% & ~» # LN A AL S
P40 & 3| e it € R -2011~2012 &# P40 & #RFlei & 4 5

Ayt dicd 297 P3O R RpERH 2L FATF 5L 3
) )

%2 2011~2012 # & ®RF|e1 & L 3FF 7 3

j\aé ﬁ;lﬁﬂ*“ﬂmg—arjigﬁ—% 7%5 LF R

P40.009 | Economic Assessment of Technology Options for
Increasing Transmission Capacity

LR 5 SRR S R

P40.016 | Transmission System Model Development, Validation,
and Management

TSI EE I E

Transmission Network Analysis Methods & Tools
IIE_PE R A gL

Protection System DeC|sion Support

5 Heg 2 B2 BTk s

Strategic & Flexible Transmission Planning
R LR

Frequency Response Adequacy
ETRERET LA TR

P40.51 | Advancing Bulk System Reliability Assessment of
Smart Grid Operations

TR e A EA L B

P40.S2 | Users Group for the Power Plant Parameter Derivation
Tool

R RPN A & f T
P40.S3 | Comprehensive Load Modeling for System Planning
Studies

P40.017

P40.018

P40.019

P40.020
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%3 2011~2012 e R @@ o i & 0 BT 7 3H

TRFHRE R LY XA R

P39.011 | Situational Awareness Using Comprehensive
Information

R A FRET R

P39.012 | Online Reactive Power Management and Voltage
Control

FEAT LI HERTARAEL

P39.013 | Decision Support Tools Enabling InteIIigent System
Separation and Restoration

Fogle i LR TR IR R RPN R 4 % R
P39.014 | Advanced Data Processing & Computing Technologies
at Control Centers against Cascading Outages

KA EIFERT TP o R4 3 5

Integrating Dynamic Rating into Day Ahead Markets

P39.008

T RN EE etk ATE BB R > T AT AKX T

E AR B A RERM IR > T RS EAER 4 R

(F)e B P TR EIHEEHFE 2 LR BT a2
Felpd g Tau N h R E 2 BEFE o

C)ERER AR REERY R EAL PRI EER

F2 2 P T2 BEAE > ESOVER MR 4 K MRt A AT T
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- RRRFETEELEEEHFES 2
(Fast Fault Screening, FFS)

TA RSP LT RERY - EH LR T B Y AT A K
A - FRIFP o B WHRMLTAE GRY T HREHAGTFSER
(Time domain simulation) » & = 3% &4 44575 ¥ ap 3% F w0l (7 okt o
X - TP s F 2 18 o FTEARED ﬁiEé;-%‘ﬂrﬁ‘,"Zlﬁ}_}'lj@*‘? » ¥ 1
RAFFERIPRF LB F T BB AATEZ B LR
A RABEM 2 BE TR R AW AT AETE A S B LYo
TRERIEFEA B AT AL EGENEAELBRFE R
23 LRAFUEFEBERAT > &6 PR R RETR L
TR EER o A RS A (NYSERDA) ~ £ BT 4
TIR(EPRN)~ 2 2ib= 24 ARBHENYISO)H 27 T T g
LR GEE 2 ALV R P bdFRit BY gl
R gk TRvu B B E 2 BE o LTSRS T o
TEBRFEIREIMVPEEFE I Z 2P BHHT LB FER
it 7 5 g H(Ranking Index, RI)z 3+ & » 3 &)t g ficge o 0 iefh of
fEEF”‘ (Critical Clearing Time, CCT) > 7 # 5 37 11 % X dhk & 2. @
PR 2R g T Rt al RS EE ) AR

@%@%{ﬁ%%%%@mcnww%%%ﬁ%ﬁ%@¢%CCP@
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FRWRRLDEEF > 0V ARSI TS T e
oo WF R R aER A2t CCT > 22k ¢ F # R4 3 B oh B
a sl kBT Rk TR FRER AL 2R R LA
2 apth o Flet A dp R(RIE 2§80 5 pr R (COT)RE 70t i > A
R H A TR o

B FEREEHEREE S E 0 d NYISO &2 p202]% 5
(> 7z 52,500 %=jx# ~ 68,400 & 58 % X % & it
b gk A %ﬁ@ FER2ZBRALITRE O BT iR GE
CROAEFRERERS R LEMEME FEE ENYISOE W E T S
DPC G2k BT AEERHEE S ZENEREERIIEERIPR
I (R T 4 P (CCT)2 Mo - RI 4 = % > CCT i g ]

REmRPE R RERAS -

RI 60
50

40

30

20 % Rl
- . S
. | a2t IR LSNP

10 0 0.1 0.2 0.3 0.4

CCT, sec
W7 s 17 BcE F 2 2 5 4RI TRt o4 B CCT 2 M )
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4L HEE LR RIMPEELBEESZEELY BT
ERAHRI &R G HERE COT L £ A4pH - & o b fd ®ik
P2 #7 4n 1k RI=33.5666 7 14 it 3+ 5 (7 2 o Ap 30 TRt itk B
FFCCT=0.12sec ¢ &€ % % R (TS iR W HRI8#rm & B

MARER > Tk EE R ERALERT R Lk

% 4 minP iR A I Rl 2 RR i?’-"ﬁ% pFE CCT 2 vt i

Bus Number| RI Rank RI CCT |Rank CCT
v s3sees| 1 o2 1
‘ 15.0019 2 0.14 2
14.747 3 0.15 3

14.4956 a 0.17 6

13.75 5 0.16 5

| 11.4086 6 0.15 4

| 11.1935 7 0.2 9

| 9.3169 8 0.17 7
8.9723 9 0.19 8

6.7579 10 0.2 10

5.9803 11 0.2 11

4.6677 12 0.24 14

4.6471 13 0.22 12

4,5335 14 0.22 13

3.3661 15 0.28 17

3.3114 16 0.27 15

3.3048 17 0.29 18

1.2483 18 0.3 20

0.1304 19 0.27 16

-0.7012 20 0.29 19
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5 4

*e 40 4y
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-2 49 41 Qi1s o4z 403z 032 0 a3 04

CCT.sec
WO s A BE ¥ e # AR IRRIS TR G4 R CCT 2 M o )

TR F T REEIMEERFE 2 AT E 04 NYISO# &
TRRPEGZ W AFR AT REREN > 24817 bR g
g %ﬁﬁzéﬁj“‘ T2 MO WARTRZPRE A A4TRRE O B R
Bom it & E S E P E N R A AR(R) S PR R T D2 TR i%-‘,ffﬁ
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® | §'~ i ¥4 (Characterization of Components) : ¥ % % 7l
WFE A ERA o

® 73 § 412 (Understanding New Load Behavior) © T 4 T+
PR (REE RS SRR F R )T %/
IR~ BB AR -

® [ = & 47(Load Composition) : f 484554 & ~ T 7
oS g RS

® |/ 43 & = (Load Model Aggregation) : & * = =~ i £ {4
d T A bz Al EPRI & 42 iAo 12 #1F e

® | {43l (Load Model Validation) : 5d ¥ ¢#ck &087 T o fic
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System bus
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LTC I Feeder

> < | @ Motor B
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_® Motor D

Electronic Static
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Online Monitoring Real-time Stability Assessment
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(Agenda and Meeting Attendees of Taiwan Power Company Visit)

S~ 5% fmimz STATCOM 2+ f§ 4
(Overview of Taipower System and Introduction of its STATCOM Project)
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-~ Marcy 48 BEE 457 iTAEE 2§ 4

NewYork Power
Authority

(Generating more than electricity

Taiwan Power Company Visit

September 9, 2011

Clark Energy Center

AGENDA
Welcome & Introductions E. Rider 10:30 - 10:40 a.m.
Safety & Security Orientation
NYPA — Transmission Overview
Overview of Taipower System & Taipower 10:40 - 11:00 a.m.

Introduction of STATCOM Project Plan

NYPA’s CSC Application and Q&A B. Blanchard 11:00 — noon
Lunch noon — 1:30 p.m.
Marcy Substation Tour P. Toia 1:30 — 2:30 p.m.
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Taiwan Power Company Visit

September 9, 2011

MEETING ATTENDEES
Taiwan Power Company
s Dr. Chung-Liang Chang Director of System Planning
o Mr. Shui-Hsiu Lin Senior Engineer of System Planning

EPRI {Electric Power Research Institute)

s Mr. Liang Min, Project Manager :
e Mr. Adam Wigington Project Engineer Scientist

NYPA - WPO (New Yorik Power Authority - White Plains Office)

e Ms, Jennifer Dering Manager, Operations Planning
e Mr. Mark Graham Senior System Planning Engineer |

NYPA - CEC (New York Power Authority — Clark Energy Cenfer).

¢ Mr. Edward Rider General Manager, CEC
Mr. Brent Blanchard . Electrical Engineer

Mr. Philip Toia Test Supervisor

Additional Lunch Attendee

= Mr. Steven DeCarlo Senior Vice President, Transmission
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2~ o R akfmnz STATCOMEE @ 4

Overview of Taipower System and
Introduction of its STATCOM Project

Taiwan Power Company

Sept. 9, 2011

‘Q\}

Contents

1 Taipower System
e Highlight
® Performance

O STATCOM Project
e Capacity
® Purpose
e Configuration

e Feature
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WOFKE Taiwan Power System
SOEEF ISR ¢ 40,9125 Installed Capacity + 40,812MW (End of 2010)

Taiwan
Power System

O Instantaneous Peak
Load 33,961 MW at PM
13:40:58 on Aug. 18

o Hourly Avg. Peak Load
33,605 MWatPM .= 7
13:00"‘14:00 o

Production, Sales and Load

Description 2009 ‘ 2010 ‘Change(%)
Installed Capacity (MW) 40,247 40,912 1.7
Energy Production (Million KWH) 193,605 207,385 Al
Sales (Million KWH) 179,239 193,313 £:8
Peak Load (MW) 81,011 | 33,023 6.5
Customers (Thousand) 12,415 12,583 1.4
DL EFHwI 3




Installed Capacity - 2010

Item MWV (%)
P.S. Hydro 2,602 6.4
Taipower 23,010 56.2
Thermal IPP 7,707 18.8
Subtotal 30,717 75.0
Nuclear 5,144 12.6
Taipower 1,688 4.1
Conv. Hydro R 39 01
-II:|yFiro Entrusted to 250 0.6
Renewable Sipowen
Energy . Taipower 249 0.6
Wind Power
IPP 222 0.5
Solar Energy |Taipower 1 0.0
Subtotal 2,449 6.0
Total Installed Capacity 40,912 100.0

2G%FHm3

SAIDI and SAIFI

(53/F - ) (R/F - 5F)
(min/cus -yr) (freq/cus - yr)
50 r 1 0.700
41.948
SAIFI
40
0.544 0.454 1 0.500
30.190 0.394
0 32.882 0.354
29.267
0.370 1 0.300
20 t 23.909 17.663
SAIDI 20.810
0.196
10 | | L | L L L 0.100
2003 2004 2005 2006 2007 2008 2009 2010 Year
TFEFERHE =0 g EERE
SAIDI SAIFI
7 [y
DL AP D3 5
N o b
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Line Loss
%
10.00
—m= TOtal system
001 =4= Transmission system
8.00 + Distribution system
7.00 ¢+
6.00 -
5'004' 166
4.00 +
300y 253
2.00 - 213
1.00
. . Year

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

o
#3900) (900)/ /R

Capacity and Site
A g | X kA (@ |me 4t g};#@y[
Of STATCOM boned ELIORIE FER PN IO Bk N5

% |12.6 | 75.1

05 B A M 2, i1 £(1140)

x1HG2)

Lungtan 345kV Substation
+/-150MVAR in 2013

L% FRO6

@3*” A~ | Fenglin 345KV Sub.

Area | Supply (%) | Demand (%) e +/-100MVAR in 2012

A

£ X(4.0)

Northem 348 445 ’ !&wxu;{;\
Central 322 270 &0 T

& 1] HE(1118)

Southern|  33.0 B85 |hE A

A kA V4
° mA HIAS)

Taitung 161kV Sub.
+/-200MVAR in 2013

Bar.0)

HZ(1902, 4,

100/1/11 $37 7 ‘
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STATCOM at Lungtan Substation

0 To avoid voltage collapse in northern area

when extreme contingencies occur.

0 To dynamically control voltage profiles

during disturbances.

0 To enhance transient stability when 345kV
trunk lines heavy loaded.

0 Connect to 345kV North Bus to achieve
better effects.

STATCOM in Eastern Area

0 To solve voltage problems in eastern area

when the following contingencies occur :

> To avoid voltage collapse when 345kV East-
West lines tripped.

> To suppress voltage rise when 161kV southern

lines tripped during light-load periods.

0 Connect to 161kV bus at Fenglin and
Taitung substations.

DeETrwd .
L
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Example Configuration of STATCOM

345kV
Main transformer
345/22 or 345/33 KV
Switched SC r
22 or 33kV . Toiky
-1 (if necessary)
ST TT
Load
Converter transformer
j{ < Controller
77\ bz,
e trmd 10

Response and Re-start Time of STATCOM

0 Response Time : 80-100ms

> In which the 345kV AC voltage responses to a
change in the AC voltage reference.

0 Re-start Time : 100ms

> In which the STATCOM reactive power output
is limited to a low level just after an AC system
fault occurs, then resumed to a previous level
after the AC system voltage is recovered.

DL EP DPms 11
N 2 5 7 ~
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Issues of Standards

0 Individual equipments (circuit breakers,
transformers, control and protection devices)
of STATCOM have their own standards.

0 The insulation level of equipments must be
coordinated with the insulation level of the

AC system bus.
O How about STATCOM as a combined set?

Any special considerations?
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