Grid Resilience 7]= ™ & Workshop

EWHA WOMANS UNIVERSITY

2024. 4. 25.

o| goyx}ryet
7|20l x| A| A2

o] %l

o1t



ch7t

Hf2h= ofz),
E 9 I I
WOMANS A

UNIVERSITY

1. ¢4 At (Cascading Outage) 7|8 CHH2 HH™ At

2. 92 Ab2D (Cascading Outage) Z& 71&!

3. At Og 2t3f(Mitigation) 2 7HE

4, AM AtL (Cascading Outage) A|Ztst B& 7HE!



ia C ysps
SOURIAUStEaliatin =3 e & 1) Y22 400kV SHME N ¥ > £3HE0mS)
: 2016 9 28¢ Molyst = HINA El2 = ZOI4 A3}

= |
2) MHYF DYOE FW4 Mot > AYWHA D MUY
4nA 918 Y5 2% S R BN

f three
Issi0n

lines

Fadkt doared
Circut faut (165233564
A
x*m: [re——r———_— L . ) Foancy b
6520 A
(1652334
, [163715]

Ny Lt Barord STt 204NN SYHEY B ol f
| f16s24]
f )

n Increae Intransformet loades i‘.'% ﬂiﬂ”ﬂ!)
,’ ! Loss Of M) *SOOMW |
| L H6 U d o’

Frequency response Uittle Barferd GTatrp
\ recovers frequencyto | | 210MW [16:5331)

]
1) CH
!

Multiple faults

Wind farm
protection
triggered

; [16:53:18|
Operation of loss of APE, : | | |
T e - . s i i \ tip /
synchronism protection National Grd blames ightningstrke forblackout | | sty \ /O |mess
v
Ofentolaunch investigationafter two powes eneators ripped offine - ”1: " » %ﬂgﬂ(w \
0) ) e Rt " ] i
Jillan Ambrose, energy correspondent, and Gwyn Topham " i‘ m:“ ;:" :rm»:x:: ‘t::«:::q T«'«'ﬁ

Tot 20 Aug 200 41657

T [
| Boh g
i« Y 0 o i Frecuotocy breaches 48 Bz rggering LFOD TYMN-
National Grid has blamed 2 ightning strike for Bitain's bggest blackout in more thi "' Lisam 1400717 408 B

ater it cased two power generators o o oflne,
Voltage Magnitude [
Yo

limits and restore frequency §
feseive fervices,

Whatare the questions rais
blackout?

(BA- AEMO Report, 2018) (B HEAT7E, HWYAGN HEWE 858y WEAYR, 2020)



Extreme Weather Events— Resilience 2 45
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Reliability = Meet standards of service based on historical statistics of load and generation

Resilience = Maintain acceptable levels of service during reasonably possible high-impact, low-frequency scenarios beyond just historical

patterns, and reducing consequences and recovering quickly when service is interrupted
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= Definition in NERC’s Glossary of Terms

“The uncontrolled successive loss of system elements triggered by an
incident at any location. Cascading results in widespread electric service
interruption that cannot be restrained from sequentially spreading beyond
an area predetermined by studies.”

" Requirements in NERC TPL-001-4 (Transmission System Planning
Performance Requirement)

- Requires evaluation of possible actions for potential cascading caused by
extreme events

" Tools Used for Cascading Analysis (ERCOT ISO)

- Potential Cascading Modes (PCM): Screening study and load shedding
analysis

PowerWorld Simulator: Detailed analysis of the select contingencies
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= Cascading Outage Process
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= Advanced Tools Used for Cascading & Mitigation Analysis
- MME 8 HA & pB|H Base Case &1H AC ME 2F(Power Flow) (I Ajl B
8 (Python-PSS/E)
- Markovian Chain 1|8t F{<F M=z M7 QI Q1 AfLd 2ol (mitigation) AlHE| 2 Y AB(R 2 E)
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AC Power Flow 7|8t HAMAtD 2 (1/3)
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AC Power Flow 7|8t HAAIT B (2/3)
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AC Power Flow 7|8t HajAtD B2 (3/3)
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Markovian Influence Graph 7|t 2tg}EFOk(1/3)

o

Markovian Influence Graph 7|8t 12| A} 11 tolMitigation) ot 13

M E
XI|AtDO| 2
A AL T O E

» Markov chain?| MO|aidd X
- state 02 YAt 7} BRSO} ME ATt Q1SS LHELHD P[0,0] = 1Y
[m]

7t
{2 2 0|22 0=

e,: BHE (1,0,0,--,0)

. ol A
E2ullog ¥ |S|: state2] =
5

i —_
2 00| M |S|—177HX| QIEA
o




Markovian Influence Graph 7|2 GAfAlT RtolMitigation) HHoF 1%

Markovian Influence Graph 7+& Z 1}

» Markov Chain2| O & =3 = Markovian Influence Graph &
- CIAfAD O|O|E{0f 337FX|e] MEAD S M2AtD SO = O|R Tl 3471 2| state/ U= M TO[HE 2 34 x
34 Hutdi #H(square matrix)
y HO|HE F=F & X7|A DMz 2" M AMAFLD DHZ0 A ESt= 11702 stateE S =
Markovian influence graph?| €& &2 LtEFH
FO2E0| 242 edged 2717 57 = £=2
MEAD SIS
MZ 1 2’dcc1-SEh
ME 2 Metd1-AMAIZ3#2
Mz 3 Mot 3-2H4d1
Mz 4 tE1-S4H
ME 5 HFE1-EET
ME 6 gof1-= 7
M2 7 S EH-2td1
RER: SEH_A AP
MZ 28 OFM1-A AT
MZ 29 | MOt MTR#1-AQtd MTR#2




Markovian Influence Graph 7|8t 2t5}HEOH3/3)

e~

Markovian Influence Graph 7|8t 12 Al 11 RtolMitigation) Ot 19

» Markov Chain2| H0|=tE 7|8t 2tot ALt2|2

- QA D Mol F=Q AAZ tripAl7|= WHOE AMALE 2tate = oM
chain®| HO|=E0| 7% && state2t 74

- RIIMAZHME Y O FR HA MEE "ME 472t THERE = QIO "ME 478 trip Al7 G2fALD THZ 2 243t &
Ao, HAMAtD S EIHX| generation 0FEf generation 6 L

- MM GHOIHE 7|He R RIINLE “ME2"7L AfdLt= B2 generation 104 M2 1, M2 3, M2 4, M= 62| At
7} et ’

- ®Xj generation?| state®| A CtS generation?| state22| 7}% =2 HO|=E 2 7HX| & stateE T2
HAMALLD g S LEEHR (EZHA 2) )

CIMALD 2ol =@ A MZE Markov




AHMAILD T 2

MTEEE

AJ

[ Agooe | [ wasz ||

[GERELIE)

AtL H3 Mol
e | é

Advanced Cascading Outage Modeling & Analysis
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