FECRRE TR A M T ) R 2
(RS B E)

$4 THERRAT4 §KR(CIGRE)Y 45 B # ¢
I R4E L

DR AR
w7
Z A g
SAET R 103 & &
S K , 018945
I NRFE S 096 s
W A 103 # &
— EE ! 740365
P %1 A LG TR
4 4315 | 066098 e
5 5 LERY | haRilk
m ki F rem ¥ DR S 1118

DR 103287 22p % 103£ 87 31p

F4 pH 103 & 10% 16 F



B i 5 A R

BT © 50 TRIZH B R4 3R % 45 5 & ¢ (CIGRE), 11 F4F £

B A2

(2 ABLE > D1 ABfE) L

FRs BT

Pt Rk

HH B [ =2 (et (wise (Y

WA BUEREE (PIOEE SR - BIFRELEE - KB RAE)

HEIHART - 103 £ 8 H 22 H F 1034 8 H 31

H HEGECH -

103 4 10 H 16

BIREFZ | HEHEX

HEAE | sTETH % *Z IE E

| LARPRGIAT R

3 SV EEAHRA Ok

4 NBETRETH.

S.EmASEEE

6. A AR S B S

1.2 PR S

8R[EIFHIE - A :

(1) AFRPFGE RS

(2) DM B LIRS NS CE R R N A
(3) PZR2% I I B ek 254 S B0
(4) PPEEAHRAZRL . 230 aE o N
(5) 5IFAMHEBIE AR HE AR
(6) B FREZEARMAE

OO "M H EH E N
o U oooooo

O 0O oo
N O R Y R N O

[]
[]

(2) PRI G et &
] | (3) Hir
O] O [10.FEftsm BB R R T

]
]

A8 GERE (ACCZAE Tt~ TiliE ) DO RS )

] O 9 ARG EEE B EEREERWEI > RERTZ AR
(1) AR B st (BRI ) - BRI TR = -

BRI FER FHEE:

SEEA FE + &

EIARALHE

R
— SRR TIE OB E 7 - B R BRI 1T
= FIERIE R DRI A B LA T A

PRAT ©
TR ) Rl




ARl TR LM R R R
NEHRL AR TREARA T 4§ T 45 5 & ¢ (CIGRE), # 2

F#8l z'tPoimE

PR AVRBM R R ST 27 LA 23667685
R S N s T VA
2, ,}L ]j’_"_'::F’ -
spp | sgae | T 0T ke 02-2367-5969
¥ i
B 1
T La oo == ELE 04-2526-1191
A N
3+ 5E 4G pR AT | AR | L FARD 02-2366-6897

DR cold R 028 o377 o4 F VYIS A D B¢
IREPRF 2103 £#8 % 22p 3103 £#8 7% 31 p DREPE 2R

F4 pH 103 & 10* 16 F

AR -
(Y3 e R e ﬁis,] @ % § (Overhead Lines) ~ % % & 4 (Insulated Cable) ~ % & =

(Transformer) ~ % /& % #% (High \oltage Equipment) ~ & %t 3 v s it
(System Technical Performance) -
A
ER% s R4 k¢ (International Council on Large Electric
Systems, CIGRE) » >t 2014 # 8 » 24~29 p &2 W ~” ¥ By ¢ &5 2 £
FRHEARRAS 2P A RGURE T AR E T AL BHES S



_ﬁ '/:l——‘ N 2
FEIAE U E g LR 212
3 A Y =
wE s SRR 2 S

PRz g s g S
8 % 4> e 242k ik AR
L EitwmARAEFIREL T 2
T aER o ITE O
] & o

?‘,;{%J"?@"] Y
a 5 B A EH aE2 4
Wik ez %3 o



2% PR 2l YT R-vH
% 3% ¢33 48(OPENING PANEL) :

6% RmaER
e A BB LERH

1.1 CIGRE i3
1.2 CIGRE B £

1.3 CIGRE % 45 & & g 54z
1.4 CIGRE % % % a;@g

5.1 21 £ & -7 F~ P42 sHE-

5.2 % 4 KA ABAY Y P R-F T e HT

5.3 KAH T Efrh B & £ 21 10/ L igkipd
5.A T AT T TR

5.0 T2 B OLIC T+ RBEp # 7 BRiTH
D.OFRETRA 2 FZATW L

5.7 FET R L? MAHDEFEZ

5.8 P ALE ME T T GE - AR L FE R 2 WE
5.9 /r%a‘ 1‘%&&%&/4@ T IR EL R

D.

Al *£3% 7 4% (ROTATING ELECTRICAL MACHINES)
A2 4 /& % (TRANSFORMERS)
3 # R % (HIGH VOLTAGE EQUIPMENT)
Bl 4 % 7 & (INSULATED CABLES)
B2 # % 4 (OVERHEAD LINES)
B3 % % *(SUBSTATIONS)
B4 HVDC £ % 4 %= (HVDC AND POWER ELECTRONICS)
Cl & %% B 22 5 (SYSTEM DEVELOPMENT AND ECONOMICS)

C2 i ¥ui@ & ¢2 474 (SYSTEM OPERATION AND CONTROL)
|

$ 5 RESRAR S FHCIREF 45 B g 8B ... ......
$ CIGRE 82 3RAE . .....oieeieinite i anannnn,

PR
T4 ARAERY P PR B R

FARLITHE AR BB BB L.
% 5%: %2 CIGRE £ & #4734

1 LW DD DO

............ 7



C3 & *izk st 2 ic (SYSTEM ENVIRONMENTAL PERFORMANCE) 75

C4 & xepssieic (SYSTEM TECHNICAL PERFORMANCE) 6
C5 & 4 # ¥y ¢ 4/(ELECTRICITY MARKETS AND REGULATION) 7
C6 fed hiez A48 8
D1 #4342 Rr& B 79
D2 T ks 80

G ERE:D

E N R i A 1
B R AR 4
2 SHFCT 4o ;8 BRI B(CK+ ZM)EEFPD A ... 27
Z A UHF R B e PD R A 27
e D AT R B R o 28
2 6R* AR CSPDRBAEERRRELPDEE SR ..o 30
2T 22BN NPDRBIEEHN I P =B 2 GRS .. 31
e 8 P A L 35
# 9 SUBMARINE CABLE FAULT DISTRIBUTION . .t v v tte ettt it e ie e ie e eie e eeeenns 54
#. 10 FLOW CHART OF CABLE FAULT LOCATION FOR SUBMARINE CABLES [2]................ 54

Bl 1 CIGRE # €32 B1™ B B € 3B oo, 3
B2 CIGRE A 383 6 oot e e e e 5
B3 CIGREB R TRA BT «.oieeen it 6
B4 CIGRE M # TR A BTAARB ..o, 6

Bl O CIGRE & € B i o 7
B 6 CIGRE € 3R L ALAT3 ..ottt 9
BT RELRTS T (FRE&R: CIGREGSHFFTA) ..o 11
Bl 8 A F PIM . 14
BOPIMI » i T30 V2R 16
BI0OPIM 2 it te 208 2 £ 28483 ... 16
Bl LD TR 2 T 2B B e 18
I N S L - P 18
B 13 Jaid —FES 3 PD PR e B, 24
Bl 14 = 0 B BB R e B Bl 26
BlIo e * 2L » S PD R R E R R . 29
Bl 16 6 * 2Lz » SN PDRPIEE U R BEZ TH P N LFRTE 7., ... 31
Bl 17 & % s F 1 PD Z iRl 220KV e B B 52 K bl o 32
Bl 18 PD EZ iR 220KV B T 52 Rl ..ot 33



B19B-C~CDx C-E=B2Z PDERIGE .. i 33

B 20 &~ 3 UHF PD g ip| B HFCT PD R B B2 PD A b e lB] . ........... 34
Bl 21 GIS & B S sl i Bl 2 2l B et 34
Bl 22 OPD g B Xk 220V 2 ¢ B) PDR wE XX 132KV EF .......... 35
Bl 23 3 8 (B ) e A 41
Bl 24 R dpBcm AR T 0Bl 42
@l 25 %F,—%*‘“Jﬁi;]? e 47
Bl 26 ALS A e A A 8 o 2T et 48
B27T #7785 2KMTIMVAL R R E IR 2. ... ... ... .. 51
w28 CONDUCTOR AND TUNNEL TEMPERATURE WITH FORCED VENTILATION AT 2%1500MVA....... 02
Bl 29 TOOKV & 2 48 55 22 “f wAEE (ZR) S5 FEEIR (2R ... 57
B 30 4835 ke v st LARE R X 2 d R 400kV] w amecdr 2 5 400kV2 w3k .. 5T
] B P 59






d

o

%~ R
R~ 24 k%€ 3k (INTERNATIONAL COUNCIL ON LARGE ELECTRIC SYSTEMS
WA CIGRE) 2o 282 R 2312724 207 - LA RXRFTRHEF ~ 24§41
WERAFIRHE EEIIEFL LT TE LTS SRR - T RKF DR
WH2RAEY  FTAPRAAPEET LA T2HL%K 7 IFL 278
Bor sk ok AR K S BAREFRZ KT o
5 45 ER%E S T 4 ks ¢3& (International Council on Large Electric
Systems, CIGRE) > »* 103 # 8 » 24~29 p 22 W ” WE % A& £ 1 & 454
e T2l B R T e A RPIESE T4 KAEA PR ¥ A 16 27 R REE

AR E op 103&E 87 22p 42310387 31 pa £210%
TARFER ok ] o
% 1 (TAfEE

P ECRTIE N 13 il N
103/8/22~103/8/23 LA —T A A
FUREF R T R
103/8/24~103/8/29 = )
(CIGRE) % 45 E, # ¢
103/8/30~103/8/31 =K — LA KR




$ 35 MEFEAL S ERCIGRE)S 45 & ¢ & &
%1% CIGRE &3 2 %t

1.1 CIGRE ‘23

CIGRE (International Council on Large Electric Systems)z% = *+ 1921
£ oG- AEGEE RPN Ay b RE FREEAY o SEAS
Fodfesp £ & fTre L F B A kg 4 ko

CIGRE ffit&r k p 24 22500 % & & ¥ > d CIGRE 16 BF 1 2 R ¢
(Study Committees) t=3 1 i¥3+3% > d BsE R ¢ (Technical Committee)
fREH  CIGRE 2 & B3 ARk {rB R A RenT 4 J b Bt %G ok e
TAARNCEERBEE > QERTA -

1.2 CIGRE p

RFE R AR IR el RAE AR R RS E T4 kAR 2 o
FBWARDDRFREEDLN > RABfeF A U4 @ 0 &% CIGRE 2
FEEAER DALY (REE - FLE - FEARfE B -

REg BT 4 € R(CIGRE) # 327 4 L siAp b R fri@ R348 % 2
P AEAeR REA GURE o T M T4 A B
WH ATk Rt 487 E_CIGRE B jx cgi s o

CIGRE ¢ A &k p 1790 BRI 7= 1137 B4 = A ~6360 @ * ¢ B 2012
CIGRE % 44 B & ¢ » 93 kp 272 97T W 56942 - %2> 2 10%%
PR 30%kp mE GRSk p AR 2w E R LThR p I
ek pAaE~Thkpait ~Ahkp? L ~3%kp e F o

%ﬁ*ﬁ:%%%é?JQ%i%‘M%%éﬁéﬁﬁﬁg%ﬁ\
RpagpeTAER ~00 R p b ~ 3%0F R L EFH 3% KA T4 KA
JRAE~ 1% %k p E g4 ~22% % p W@ ~ 10k p A3 /F &BH 6% %
PR 3%kp B T4 knd fo



1.3 CIGRE % 45 & # ¢ &4
AL T4 ks ER(CIGRE) & § 7 2 & 87— = » Byfe 8IS E R

THRRE R B 1) F B gi”aé“a‘?a‘?i A AL ArE & g MR AR
z X ok Rk ,ﬁg‘g‘f‘;’g_@fr;@géﬁgﬁ{g;aﬁi,,, 243 o

Bl 1 CIGRE & ¢ 2 W~ ¥ W% ¢ &R

SEFAEE € ou 2 R Al R BT B IAZ ¥R E AR
?,.3§;B21#2$ﬁ MBI ®R A B4 HDC &7 4 73
1 d it S Cl RARFEBEEARC2 s REEEA 03 kAt
B s C4: osidpmea 1Ch: R4 P FEEH: C6: R iz A
FE T DLt R AT @eng e s D20 T A o HRArdrd



% 2 &R

p P pu| % RAE R
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17:30-19:00 ® %716 (Welcome Drink)
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13:15 CIGRE ¢ B # ¢ GRAND AMPHITHEATRE
14:30-18:00 |[EPEE -] 2"% # 1 27" 352AB

~ # # ¥ 3t ¢ (Joint | GRAND AMPHITHEATRE
Workshop)
14:30-18:00 |B3: & 2 4 & 42 HALL PASSY
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Al @ 2 T 1% BLEUE
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B g B RREALD 5 212 e R T Aov s EE i ( 21st Century
Power Grids: Reliable, Controllable and Resilient) - ¢ % ® PIM
Interconnection #4 7% Terry Boston President & CEO 2 #(Bl 5) > p % #

FE

B 5 CIGRE # ¢ B ¥ a3

2.1 20 ¥ B &g+ e ;}zs\irrl‘a
208 Ediyp o ﬁr&i&&r“ﬁ (BP @237 2% 1):
1. % %% % i The Grid/ Electrification 2. 7T & Automobile 3. & %
Airplane 4. -k i= & fe i Water Supply and Distribution 5. % + Electronics
6. x5 ¥ % % 4 Radio and Television 7. P % 4 # i* Agricultural
Mechanization 8.3 3 # Computers 9. ¥ 3= Telephone 10. 7 #/7k45 Air
Conditioning/Refrigeration °

2.2 PIM - poRiEz 28
O+ 7 & Reliability: -« T ®¥i& « &R/ &L 4 - ﬁ%}ﬁ_,,% i o
Q7 3% & Market Operation: « ic ik » % & « # B4 JRF*
Q% # 23] Regional Planning - 15 & B ¥



2.3 PIMMa g A+ 2 PIN F 2% oL E %

PIM B %6 fend A P > do e T4 F Reodmaggiz -2 hd it
ik M KR - X A E Y hib A Natural gas operations
coordination « FEcii 3 LB TR L « 21 £ & 7 gl o

2.4 AkwBEY:

AkHEBEY ABDFE L, P T

ed x et BT Centralized Supply by Large Units &4 | # &2 4
77V p 7 &% Distributed Self-Supply by Smaller Units

« B¢ Ul £ Concentrated Fuel Portfolio & 4 4% ¥l e & Highly
Diverse Fuel Portfolio

« ¢ & % 44 Central Grid Control < p 23| 7 #4554 Autonomous
Micro-grid Control

« A ke = & High Future Growth <& & k&= & Low Future Growth



¥ 3% €# 14 (Opening Panel) : £ 4 A5t ai@AI ¢ P R-% BRI

¥ 40 EE ¢S4 AN AEAY P PR T EEk(Challenge
In The Transition In Power Systems: Regional Perspectives) r = ¢ %
d Hd B € 2 MarkWaldron 14%F > P #4472 B F B 2R B
EARP P ESFREEE - Fro 2 non 0 LERAEFE Y A TR
BAr e e o oAb B PR L U T RRALL &7 s (B 6) -

6 CIGRE ¢ 2 48773

BB i mEe T 4k sienpig & £ (Large scale interconnection
to assist with rapid power system growth)
d &R T %2 7 ( Power Grid Corporation, India) R N Nayak £ 4 [
o0 P TG A BEE (B B Frin ) eniRBE R PO~ FieiR -
ﬁ\ﬁ&ﬁﬁ&§ﬁ~?iﬁﬁ??ﬁo
3.2 BRE AR AAe 2T 4 i ER 4 (Power system stress due to
massive renewable installation)
d 44 B Amprion = @ (Amprion GmbH, Germany) Klaus Kleinekorte
AR WP AP FTed B o ol Z R 2
AARR L~ BHBTRELE PR .



3.3+ 7 T 3w pprfrie Myt R (Technical & organizational

challenges to achieve interconnection in West Africa)

d & 47 2R 5 k) 22 (Africa Energy Group, World Bank) Franklin
Koffi GBEDEY £ 4 fisr » sp ik 3% 5 BR/EAMar 2R Y > SE
GG R AP T L AT B0 R PR A deie § ol g TR

SFEE ~ FRREH A iR Rk d oo
AL ¥ RT A ANFR2ER-EBE* (Economic & environmental
aspects of power system developments within Asia-Oceania Region)
d %}Eﬂﬁi* % (EGAT, Thailand) Norkun Sitthiphong £ # f§#F » P &
TR AREFEEBEFEFBAAT PRI ROFEERZ R BT WU -
BRIt & Fend d 2 250 o
3.5 £ AT 2 #3(Grid Transformation in the United States of America)
d %2 ® CIGRE > W4 R ¢ (USNC of CIGRE) Michael Heyeck = /& f§ 4% >
PP LR B P BN RIS 2 A F IR BEES - R4 RR
LI E BB S 6~ kg2 FRE .
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¥4 ii«ﬁ{zﬂﬁg Y S R Ry R

B & € & AEF7 3t~ 3 3 35 (Large Disturbances-System Operation
and Market Performance Perspectives) » = ¢ % $£d CIGRE #jtv | 21 &
Chair: Joachim Vanzetta (SC C2 Chairman) % Andy Ott (Incoming SC Cb
Chairman) 2 4% »p 23 & KT 4 < FHFE(eR 7)) X Firip B & Fou
G ITE T P BB A TR T B F K AR B E R
FFI/ERABHE CERE T FET S AR A BTER o RsE 02,20
Pl v B A RFEEY FY 2 SRR o

HISTORICAL POWER OUTAGES

Nov. 9, 1965: March 1989 Aug. 14, 2003: July 12, 2004:

The Great Blackout A solar geomageetic The worst US, Heavy use of air
shakes Americans’  storm knocks out blackout. Power ine conditioners and
faith in the power  power to 6 milllon  problems in the other factors are

system. A faulty peaple in the Midwest trigger 2 blamed for

substation relay Canadian province  cascade of blackouts affecting
darkens New York  of Quebec and parts  breakdowns that cut at least 7 milion

City and thousands of the U.S. for nine  power 10 50 milion  people in Greece

of square milesof  hours, peopie in eght st a moeth before  million people in
the U.S. northeast states and Canada,  the summer Olympic Germany,
for about 14 hours. some for more than  Games.

Power is out for 25 aday.

milion people. it

inspires the popular

film, “Where Were

You Whan the Lights

Went Out?™

July 13, 1977 March 11, 199%: Sept. 28, 2003: Ang. 18, 2005: January 2008 July 30, 2012:

A lightning bolt knocks  Lightring hits a power A short in a power line  An imbalanced power  Winter storms cause 2 India's northern

out electncity to about  substation in Brazi’s in Switzerland leads to  gnid locks power plants  nearly electnicity grid fails for
8 million people in New  Sao Paulo state, leaving affecting 95% offiine in Indonesia blackout to about 4 much of the day, leaving
York City. Power isn't 97 million people of italy. Some 55 million leaves almost 100 méhon around 370 million people
fully restored until 25  without power for as people are mithout mdiion people in the the central Chinese city  without power.

hours later after long as five hours. An  power for as long as 18 dark, many for more of Chenzhou. Eleven

widespread looting. official says it is limked  howrs, than five hours. techaicians reportedly

’ C

e

—®
&
&)
O

10 transmassion knes. die trying to restore
from the taipa dam. power.

W7 FERTA T (FA &R CIGRE f§f 3% 74
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41 AELTR IR FREGCARIDCFESF 2 P22 A T &
(Simultaneous commutation failures and forced blocking of

multi-in-feed HVDC in East China Power Grid)

d ¢ BT 4 #£2%# 7 ke(China Electric Power Research) Xiaoxin Zhou
far > wmp 2012 2 8% 8 p ¥ MELTHE L5 BRI LMD R
FA AL AR E L kB o
220142 X FiER 2 HPIM%RET 4 7 F i F R E(2014 Vinter

Conditions and Impacts on Electricity Markets in the PJM Region)

d (Adam Keech, PIM) f@dr » @ 2014 # 1 * & g o 2 &1 ”
g f @A R T s 22% BT AL M iR
WX Th THFRDILEFIRAD 407

cARFrRAZRLEF IR B hEF LR € (FERCO = 4~

°F%&ﬁfﬂ#3#%ﬁﬁhﬁI%%—ﬂi%H¢%fé@£%' FRE)

« IR E AR BT R B LN BT B B e a4

e B A A SR AT

B REEML R/ B EATTARAPINGEE S F R - FrehE

505 &GP R

c R AMBER/ )  ERLT LR L 2

4.32R-53517 I8 ko 185 F %Sy EAH 229 g g (Market
coupling as efficient capacity allocation method on the France -
Spain Interconnection)

d ;2T %27 Galileo Barbieri (Galileo Barbieri, RTE France)
WP AT AR LB H - R EAf s T4 g i
FEZ2F %5 FpEh & B FreF 2l o
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4.4 M xRS B kT 2 B A 0% #frf 5 (Events and measures
during the Project of the Extension of Continental European
Interconnected System to Turkey )

d Rudolf BAUMANN and Mehmet KARA f§3F » 3P B = B3 B85 % 3udp
T2 BAF AR OTE B od s o
4.5 2 RE 2 0k Fengdrz LI eix % (Market Participation of
Renewable Production and Evolution of Support Schemes in France)
d ;2 W7 %27 Christophe Dervieux, Rte France fisF » p £ 4 &t
B (RES) # B ~ P w2 RE 2 whLEFH 2 TP p L 2N
AR RIR TR E MY A LR o
4.6 F Xt R4 BR-ERT R oL WEFSF FF2 % 2 PR (The challenge
of conciliating security of electricity supply, economic signals and
political interference in crises: the Brazilian case)
d ¥ & Luiz A. Barroso (PSR)fisF » 3P = & T 4 432 4 3 F2 F
FEER/DFAEROFE DL ERRSREPE o

LTHEREFF IR ET & FY¥ 2117 2 5%4# 4 (W6 C2. 21 Report on

Lessons learnt from emergencies and near misses
d (Ben Li, Convener WG C2.21/C2.23)# ¥ » 352 WG C2.21 2 i &
20108 87 2222 iF e R KA ITR T P i VAR IT R
BirSmEY > H N &SR TR > TR RBIE P L F 2 > EL
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¥ 5F: 22 CIGRE £ & ¥aF#
5.1 21 ¥ & T - & ~ ¥ ixLz - PIN
d %2 & PJM Interconnection #4 7% Terry Boston President & CEO i # -
PIM % 43" 3 mpept2 - 34 PJM as Part of the Eastern Interconnection
208 & E iy~ a1 ﬁ%‘fj-%: 21% of U.S. GDP produced in PJM
£ F=F 900+
« % = 6] Millions ;
-+ X% 4 165,492 MW S S #X1 r"'. ‘
L %% 7 £ 183,604 Mis — s
. ﬁmx 62, 556 Miles AR kot O
£ % 791,089 GWh (2013)
# R Kihdk 1, 376
=% 4 ¥ 243,417 Square miles
=T ME 13 + DC B8 2 % PIM
PIM - p#m;x= 2% H PIM - Focus on 3 Things
PIM - p =Bz 2FF P4
O+ & & Reliability:
* T4 ¢ i Grid Operations
o /3 T # Supply/Demand Balance

ﬁsa] & & SeE 7 Transmission monitoring
Q+ 33 & Market Operation:
it 7 Energy
%» & Capacity
# e+ PRG% Ancillary Services
O % 4.4 Regional Planning
« 15 # E % 15-Year Outlook
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PIM & &€ < P+ — Top Challenges Facing the Industry
PIM P % & fend * PP > FEMP4oT  HP & - PRI E o
« %4 Z £ Electricity demand— # W& # & * 2% &@3. % U S.
Electricity Use and Economic Trend
- #&¥8 % i Extreme earth and space weather
« 2 R Bk el de World s largest fuel switch——#& w Mgk 7t
%k Reliably managing switching to low-carbon fuel sources
« X PR §E Y 0 Natural gas operations coordination
c B g LT Rk & Integration of intermittent and
demand side resources
<21 ¥ & % g ¢ 21st century expectations for the grid:
AELSFBEET L AEDO) Need more HVDC
FBEARES S LE F F & Demand Growth from PHEVs?
#HwR R A% 4 & plug-in hybrid electric vehicle (PHEV) & *= & >
TP Ao
«35.3% # Wi kg * g (35.3 % of U.S. energy use is oil)

cEFRA10®AP 5 8.8 AF2id#( 8.8 of 10 Americans commute

using cars)
ch A frR EAF TV ERLTREH 4 2 Wind and shale gas can power

PHEVs
PIM = & § §2& *35¢ §* PJM Peak Load vs. Typical Load (January 7)

PIML 7 3 § 481 T30 f407 0 (4ol 9)
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Megawatt

January 7: Hourly MW Load
(Prefiminary)

138,733 141,846

Moming Peak Evening Peak

35,000+

100,801

1 2 3 45 6 7 8 9100 12212314151 171819 2020 22 2324
Hour Ending

MO PIN T ? sk f ferTsng U8 (FH&m: PIN)

PIM ¢ =5 782 E % PJM Managing a Sea-Change
PIME2e iRz ER:PIMA oo €8 7 &2 1485 (R 10)

Megawatt Cleared Installed Capacity
80,000

70,000 - ]

®

60,000 -
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A0, 000 4
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PIM &b + # T 23fiv2 25
FOR e RARE A kA - 32MW g e
g aE A I h 73 98MW ek 3 Laurel Mountain, West Virginia Wind
Farm 98 MW 61 turbines

* R e RAEER % sLGrid-Scale Energy Storage System - 32 MW Battery
% 4 73 v 21 Power Electronics for Controllability
[ S AR I N

« BT RA S E Automatic voltage regulators
i

¥

2% Automatic frequency response
« T &d=4]5 5 Droop control function
R BB U

DO

2 ev -3 RE NERE
R R AFTRL O RE G ILHIDC
« { Seng BRE A ILHVDC g 2t E T A
AKBY ?7 et Uncertainty: What Lies Ahead?
SRR R AN L AR N L
ed x e Vikd Centralized Supply by Large Units &4 /] #
Brfriip 77 Distributed Self-Supply by Smaller Units
« B¢ Vsl e £ Concentrated Fuel Portfolio < % ki bl e &
Highly Diverse Fuel Portfolio
« v & F %54 Central Grid Control & p i #cA % %4+ Autonomous
Micro-grid Control

A kg & £ High Future Growth & & %k &< = £ Low Future Growth
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Generation | 11 Customers
o, @
‘._ - \ / & "/.

Source: EPRI Source EPRI

Bl 11 SR A e 2 (508 Rk PIMD Bl 12 A R F & 7 73 (R Lk PIND

5.2 %4 i Ad ¢ i R-% BT ®2 #3(6rid Transformation in the
United States of America)
d %2 ® CIGRE 2 W& E ¢ (USNC of CIGRE) Michael Heyeck = /& i 3% -
W H R BRI 2 T A F M i A T4 F RS
PIERTREIRE S 6 g2 EEEPE - B g
£2RW# 373w (US Electricity Generation)
« g7 12030 & g R AT VR R ACE O0GW 2 MR M e T K o
c BFECRRTR T B F BRS A OB R Ry Ne B E RET R
Wz ehp ko
c R RF I FRROTE DD R AR R foPia S RO R 4]
TN TR
CREAGRIER DAk B LR AN RF ESE 3.2% 0 AHaEESE
7.5% °
£ WP 7 & (IS Electricity Demand)
CR R 12012 £ 3 2040 £ L A FaEL FTE 4% B R LT
65% °
£WT e (US Grid)
- #2 % 4% US Grid Yesterday: =& * = 2% % & & i% 100 » 457" ok -
5 P 2% US Grid Today: & & g 477 42 -
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« A Kk % USGrid Tomorrow: % — B & & (hd 3; & 2 B gD ; 21
L EST AR E; AR RS R ERI N TR LB U
e -

BT PR A R B R T T R R
R 4 2 TREF
CEBT PR T R R AT R LT R NS &
Tedichp fodnd] % Siende g o

FRTRRHIANZA*Z F

@ I Grid Modernization

« i 7 %% Communications Standards

« 7 38 R Interconnection Rules

« L3 4oiE @ Integrated Planning and Operations

« Fri 2 % Informed Policy and Regulations

A OASLBIEARE Y PR AT

CFEHT BT PR R R R  LAT R B0 B

c RFFRBFE

NER SO RES 3 -

R E R AlEEEA S R T2 RETE - BALREL L NR

CREG R T A AT

5.3 KRAFFEIraF¥ & Y2117 | 8%FL

d (Ben Li, Convener WG C2.21/C2.23) 3% > 384 WG C2.21 1 i®/] =

2010 # 8% 2 > 22 i leg Rkp ITR B P s wAESIT R
Bofrig sk K o 5N A R R FlraR S DI RRRIN L F A > WA
B RUNUE" 3 SER=0 -

w2 B
SRR X FERRT h e oY

. E#@”?%ﬂ%@i‘?\;ﬁ_az*i%{&
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CER/F LK % i P

« FFF A IR T A K BB
R UL ez I B WA 1| [N
*RFLEFF 10580 WP o7

.3 &% ¥ & Primary equipment failure

LS

1

K3 e & * 45 3% Design and application errors

T3k % # M Secondary equipment failure

\\

B /] % Susx i Communication/control system failure

LB AR % (A2 413% 3 ) Natural phenomena (beyond those designed for)
. R B 4 3% Operator errors

.2 4 - Errors in maintenance

. % > Security related

LT R ek suiig st (B £ #{edrilay %% ) Inadequate investment and
complexity of systems (Lack of Mitigating Measures)
10. 8 & 7l "& 2 % 3 § Pk & ¥ 72 Excessive risk taking and/or
1nappropriate risk management
TEFLIEH 5 BRI
Op 2R3 %3 = 2 ¥ #& Natural phenomena
Qid & /34 % Seialig = 2. % # Communication/control system failure,
including lack of situation awareness
Q2K el * 45 3%:8 = 22 ¥ vz Design and application errors
Q2 & R 45383 = 2. ¥ # Operator errors
Q2% & &g = 2 % #& Primary equipment failure
FRhFIR3 AV L 53 3 g ¢
Q% % 4 # & 1 Reduce likelihood of occurrence
Qe g & % i~ 3 & chi ¥ 2 58 Contain and minimize impact of

disturbance
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Phenomena:

: Remedies for Events Caused by Natural

R REL TR
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CfELB AR BR
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i /g

SR 2R A R

Communication/Control System failure
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,t]_-_ E—ﬁj:lF" L3

FIES T MEE P

L AL

cRiErF R AE LAY
¢ 317 { Bt BNS
TN T

*$2 - EMS~SCADA~3F 5 i 1 % 2% > o

THEZ it 4l 37
B R A (TSO) i sl
HE O REDR AR BRI 1

By | FTORIE LR T REBEOT £
MeEE B R b2 A4 &8 /ind

W B B L PP L E A4 R PP

Okt ol ™ 45 3@ 2 F i fodf 6

Remedies for Events Caused by

Design and Application Errors

B R A A T AR . ki
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O3 R R 458 = 2 ¥ it #c#5 % :Remedies for Events Caused by Operator

Errors

B ok 78 5 4 L g Ry o 3

CEEERE  RETCE VAR BT o ol AT edd] kst (SCADA/
B EMS) fr 24t 447> & 45 f L8 4 e
B e dl k53K & - SCADAZEMS | frdy e

2R BRI/ R BIA] S WAMS/WACS | » g acfi* R R F LU AT H > BB
c BOER KRG DE AR B TR ZRFTA (Rha T BEE)
A RS VRN 5 3 e o2 = 37 Wi S

BT SR B HR(TSO)Z B EA
TR R R B

Ol 2K o =i & 20 F At Ft4y %5 :Remedies for Events Caused by Primary

Equipment Failure
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1
Resonant |

. W
Generator ! Cable System GIS Model
< Pig Lah g
1 N
1 926 m : S3 s1 3m 52
1 ¥ P oc
) Corona defect = ]
! 510 m 400 m e ——
« 3 ; ’ ’
X v " Cavity defect Floating defect
U s9
we | Semsor | Bandwidth
Somser . technology ~ famdf; | Etiorsancls | 7
SI&S2 | UHFl | 01-15GHz | Iwasive | Reference Measuring System
§3 & S4 l HF NIn | 20- 800 MHz Non-invasive |
S A 0-6 MHz Invasive RMS
56 ___| U” m | 030MHz | Non-invasive
§7,S8 & §9 HFCT 05-20MHz | Non-invasive

Bl 14 % %0 ) B chiplidpe & W)
ST EPN NG R a2 T ARG HFCT fo® 3 7% ) B (CK+
Zmﬁﬁé%ﬁ*%3’£$fﬁﬂﬁﬁﬁé%%ﬁ*%405;Wﬁﬁmﬁ
g ARBAM R EGR A FT R HOPD 5L
(a) > = henPD 250 A B4 0 R B (UHF) 7 & 57 o
(b) HFCT w7 % B p BB 2 Fac > wv B E 7 12 hp| 5] PD 2t
(c) @ 322 tnGISH & KT F 2 910 5F £ enq & 5 S (7 e
CEEBT A 16 2 % P GIS WOR B R AR R T & 400 2 % b
THEWERE] o
(d) $#>r3em a8 sa %k - B PD £ PR BRZEG NP BRREL o

(€) B h3men UNF Rl B3k B0 p 20 en UHF 2 s G - &

\

¥k o

(f) HFCT 4¢3

3}
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% 3 HFCT 4o % 3% 4Rl B (CK+ ZM) & & e PD $% &

CAVITY IN XLPE

59 56 58 55 57
HFCT Ci + I HFCT Ce+I'm HFCT
Defect distance =400 m Defact distance =0m Defect distance =0 m Defect distance =16 m Defect distance =16 m
— E '
_ﬂ: =} o o .
H
e £
— H - ' e 55 Ba R
{ 2 Amplitude: 11% Base UnCn Amplinude: 27% Basz UnCn Amplinude: 4 8% Baze TnCn Arrplinade; 3% Base UnCn
IR A *
é - i Sr—— : i
- Apriphitade: 20% Base Cn Ampltade: 31% Base Cn Applinade: 2.0 % Base Cn Amglitude: 2 % Bage Cn
39 &6 58 &5 57
HFCT Ci 4 Zm HFCT Cp+Zm HFCT
Defect distance =400 m Defect distance =0m Defect distance =0 m Defect distance =16 m Defect distance =16 m

Ampltude: 18,3%% Base Unln

Uncom entinmal PD Tost.

Amgplituds: §3% Basz UnCn Arrplitude: 2,54 Base UnCn

ooy entiomal 0 Tnsi
. :

= w = & o o .6. ™ z iy i - ™M ) .M
Amplitude: 25% Base Cn Amplitude: 75% Base Ca M detectian Ne detection
59 (HFCT) 56 (Ce+ Zm) 5§ (HFCT) 55 {Cu+Z=) LT (HFCT)
Defect distance =416m Defect distance =16 m Defect distance =16 m Defect distance =0 m Defect distance =0 m
— =
© s | ; ) B 2 3
= f | [
- E
w H :
H g . 3 Ll A
e Ei Ampltude: 12% Ease Unn Asmpltude: 4164 Basa Unin Amglitude; 22% Bass UnCn + Bage UnCn
—
ol £ s
= F i
3 ;
1
: -
3 | & e R | g
Amplitude: 36% Base Cn Arphitude: 0% Base Cn

4 A UHF ©f jp B 7 50 PD 5 A

PD IN SFg

$4 (UHE-NIn on cable cover) 33 (UHF-NIn on GIS) 51 (UHF-In) 52 (LJHF-In)
Defect distance =0.5m Defect distance =05 m Defect distance =0 m Defoct distance =2,5m
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5pC

Injected white noise level
Noise/Signal Ratio: 1

Injected white noise level
Noise/Signal Ratio: 2

Injected white noise level
Noise/Signal Ratio: 10

Uncenventional PD Inst.
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B ey b oo 2 = Ap e K fRdRs o

AR E RS RREN LTHY PDenkihz A o T H
Foom PRI B o % - FARERA] i Az gy [EC60270 %Puqf%%%i% % * PR L
BIE s ARBREN VNGNS 3 F 4 PDAR AR o - AR AR R A
T FRETFAG B AR R TEE HPD L -

xS

A BRGRGP I A TR R AR T e R s o B P IS R R R

CRBEOS BEAGRT A TH DS B I ¥ UG e PD K i L %
@%ﬁ?ﬁi@o

BERRTALZEAEATHUERT v GC FOF & L ARREN (S4e T
WEMICCT) KA1t e s ¥ AT B 4% & B PD(4e Sfo T /¥ 1)
RIIIPDAB)NEPD R g ARBRER HAp o

oL T FREBEF LN BRI EBIF ZF Y RBDPDAG o>

fo AR A B 532 PD G AR D E cnut B 2 fpitiRty o 25 B
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High Voltage
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% 6 B hies BREEP F0adrtp2 % KT PD KR TR EE
e B D R(HV) P A 2 28 o e bl B & 0 B B R g ehiE > o w
BRRESEIE S REoERiE: A% BEQZHRE S REDIPHE -

Flvac g o ied BRIBRGOE B2 HV) 0§ PD MR AT 4 GC
2 B R A 100%) 0 & HFCT @3] @B B %k adp TR Beh
BE G BT NARFRIFE PR iR F PD KR AR R ET 4940 GT
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RID| < ety o e EARERE AR F o

Z 6% 2 PDRPIEZETRIFEREZ PD RH5LES

Test
PD pulses PD from calibrator PDwithHV
HECT | HECT | HECT | HECT | HECT | HECT | HECT | HECT
Type of defect + ‘

R R
Cable phase T T | Ge | -15% <
Transformer phase T T | Gp | +%
Corona m air phase T T ; ;
Transformer phases S-T | § T 7%

7T 5B RFBEHRGN o tiranmE Rl (BuEBE)2% - T0 5 %5 - B
I PDELenpE R oo @ TL 5 2 BpBacd|enpF o 5§ PD KR & T fr Ge
B> T0 e fe® T 4p HFCT R BRI1F - ¥ PD KR ARBRET o GT 2. & » &
BORBETI Gt sy 5 T0> » - PFRFRE - TE2FLETia
Hm™ o nd @ TApp BRI T § STeTARF P » ST eh
Rl E e pE R > 2 R A R 1R ] (TO) -

#F LB AN PDR R EE N RREE TH P LGRS I
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27 2L 2 NPDRBIEEH > 8 2 AR A7

PD test PD pulses PD with HV

HECT | HECT | HECT | HECT

Simulated defect -

At cable terminal (phase T)
At power transformer (phase T)

At connector of the transformer (phase T)

wn | — | — |

Between phase S and T of the transformer

Internal defect in the transformer

N Lo o |

Y

Nl Lt o Fe

-ERE T W re—
- mermata il s

‘ W RSO,
T T T S R ¥

fow e ulates
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B 16 i@ * 2L » ' PDRPIAEHREBEEZ TH P N IORATR A7

C.EToTR ERNKHFPDER
C.1 % 220kV % % #7<1PD & Pl5 %
B 17T &7 1 - 2 PDZ Rl ks> AT ARKE & 3 - B 220kV eh GIS % &
frSE 220KV $REY - A BT = BF R TESEOVL M2 4o MV3) 3
% GIS(C1 = C5) -
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Subestation 220 kW / MVL /M2 /Mvs

B 17 & % @ § 4 PD R 220KV &% T Ar2 & b

PD ehi iplenp chs B350 R BR AP 0 - KB FRF §F & el ffu
H 2 220kV GIS ~ i 4% 220kV GIS B R BREF hT - SR EFHM(F ¢ <
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#g i * HFCT o ip| = {@#%"J%@E%fﬂ ERIE B Efu po# e o sedk D Lo
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g seeng okiw o d PD &R GIS 0% 5L o ﬁi&l T h% > BRI A GIS F
REEEOTH-F 2 GISHRR P2 B8R %4 = B (4e)OHFCT i 2] B -
Lok gez Bleg ki (MS) F 2 ﬁ:" - eihz R B sl o HGE
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GIS ki suvh o R E g Gk it L4 3 By o= 4p HFCT W RIE 2 - il
FHRFPERE G OERIFTER od ¢ RO PR 20 Aot o - Bu
AEE RS B G2 Bk p B R RIZ A0 HFCT % frdi s &4 0 HFCT
M KR BRARRI-FRE P BRTHOER A AR RIZENET
Flipei o @3 GIS F(g B2 ¢ R)ARRES HT H L s = HFCT > #
MR EAFEGIS KRNI RBRERGEGLE VT HEAL S R E
Sl RIE S T I R G AT 2 AT P NS Tk T e
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C.2 %% GIS PD =i~

220KV % %t PD SRl k% 5 B (2011 # 57 2 p ) 544 5
PD N 383 4 s o PD % 3] 4 Sup d %=t PD B f R S GIS ehg Fa (%
LB 18) - TP FABARAEPITE-Apr T E od =3 B
2 B(RESEE 6 4) CHoD 2 B (§EdE 12 # )fr2r C 4o E 2 R (§edk 30 ) 1 3¢l
B iy K B-PD =g ik od 2 2 PDEEsE R (B 19) - 4514
PD thk ik 23t GISC 2b7 S Ap 3t =8 o 3% GIS &1 C B I B R 3] PD 3 55 eh
Bt E(JRTE)

220 kV Substation
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Cable GIS-Transformer

B 18 PD % | 220kV 2 T #72 7+ & B

L B
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il 1** PD Test
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% 9 Submarine cable fault distribution

Cause Pre 2007 2007 - 2008

Fishing 67% 33%
Anchors 8% 48%
Dredging 2% 0%

Other 23% 19%

SRR Y SRS & SR Rt A LN R 2
AR R o k22 H &IBE .

# 10 Flow chart of cable fault location for submarine cables [2]

Flow Chart of Cable Fault Location for Submarine Cables
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