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The Assessment and Improvement Method of Electricity-gas System Resilience Considering

Earthquake Disaster Uncertainty
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ABSTRACT: Earthquake disaster may cause serious damage
to the infrastructure of electricity-gas systems, leading to power
outage and gas outage accidents. To assess and improve the
energy supply capacity of electricity-gas system under
earthquake disaster, this paper first constructed the failure
probability model of electricity-gas system components
considering the uncertainty of earthquake spatial distribution
and magnitude. Then, an optimal load shedding algorithm of
electricity-gas system based on two-stage gas network
optimization power flow model was proposed, which improves
the convergence and calculation efficiency. On this basis, the
resilience  assessment and improvement method of
electricity-gas system under earthquake was established.
Finally, an electricity-gas test system was built on the basis of
IEEE RTS 79 power grid and 14-node gas network, which is
used to verify the proposed method. The results illustrate that
the resilience assessment and improvement method of
electricity-gas system proposed in this paper can help panners
to judge the resilience level of the system under earthquake
disaster, and can choose the best resilience promotion scheme

in combination with economy.
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the earthquake intensity distribution map

FORERB M S a F1 b ALK, pipe(a, b)F R
SERSINTT A a AL b IR B line(3,9) A
TR BT R R .

line(3,9) K FF N 49.89km, NiZZKItH 166
AT RS, JFRERAF BTS2 bR . 1A 1.1.2
SR 7 I 2 AR TR RO ZURE X, TR 96
MFEEALTZURE 6 X, 70 MFEEALTZURE 7 X,
line(3, 9) i R M2 «

Pline(3.9) = 1-(1- P]:ﬁ)% x(1-p;, )70 ~0.0406 (41)

N prs prer 73 AR ZUE 6 KRR ZUE 7 X
T B8 2R O

A s A FHBR U TE IR 2R ROBE 2 1T SR R S
HLA PR KL, FEMA AR .
322 PMEfRFR b

AR S5y 59 SR FH R 1 B R (LS E) M SR A HL
2%V (state enumeration, SE)Rf#itihE 5 N K
E[Ow], BIIREHZEME J=2. EHFRRIEE
(MCS)fE N LB FEE, MCS vEISiHHE M 100K,
WS4 7 25 RBCN 0.0048. 3 FlOTVEMITHE 45 3
EFR 1 i

H1%% 1 A1, TISE F1 SE it i v S )iz /b
MCS, i USE fETH5EAGE | 3T SE, iR %X

FR1 FEMRGR THRGRTEIER

Table 1 System-level resilience index under

the specific earthquake scenario

i E[Q, /MW 2% RS SRR %
MCS 7.231 — 36540.103 —
SE 4976 31.189 84.560 100.000
IISE 7.095 1.872 86.780 100.000
IISE-L 6.629 8.322 51.846 100.000
IISE-R 18.770 159.577 264.113 65.961

N 1.872%. 1ISE REWEFEIHUAEFE ARG, kit +¢
ISE JiETHA E[QW) 2 A H s 3

ISR P B ARAG BA AY p AeekE, ik
HYTISE-L Al TISE-R 5 A SR & 77 153047 T LU 43 #7
THHAERNE 1, WSERFMURIECIRE & SRS
R 4y Lo TISE-L R A S MR A S A2 A
RGBT YIS a7, ¥f 1ISE 5 IISE-L #E47 %} L,
ATCUE ) 2 RIS, A S AT k]
PAXH A kAT RIFAIMEIE . TISE 5 TISE-R 434
SR FH 28 P T8 AR TR R Ty A it — B AR BT S R 9
LRPERAL B SR HE IR, SR1 TISE-R AXA DT 70%
FIRAS AT LASCER, TEAS B 70% ) RE S WL S5 MUtk
A XAEEAR S — oW R s i, 845
F| YIS HIRE E[Qu]s T AR B
A Bt B T A R SR B R B, AR LE
2R, RG] LLAR B — AN R 88 L ]
B, FEWCSUIE BRI VT SO B E R R IS AR A
A] Ihb 2 436 VR 2 N 2 P A 2R S Ak P BRI A2 1T
171
3.3 EEMEFAHEMMNBESERERSTMES

B (xo, yo) NHLE GE i X N I 7B IR i, H 4
x0€{0,1,--,200}, yoe{0,1,--,200}, FERENBIEZ
VR RS RS, TR RS e R 4 .

5 F TISE 23R 2y AE B 35010 E[OW], 1531
RALIMETRIR Ryso SR, WRIFIHE LR+ IS
&M sz mm i B H AR e R IR bR Ruo
K 2HH T Roys M 3 ANEMEFG TR Ry, 3 WA
HARTE R 3 H B S8 TR e 20T 3 B)5AE H A

A B  TUARAE e s s i, AN [
TCF B AN BB 22 . AR SCRiR[22], AL

®2 BEEBRRASGHMER

Table 2 Resilience index of the electricity-gas system

PITETR bR 25 /kW
Ryys 80.730
Rpipe(11,13) 44.060
Riine(15,.24) 19.810
Riine6,10) 5.841

*3 THERLIMERHF
Table 3 Strengthening priority order of various types of

components
MAEH i LR AR MAEE
1 line(15,24) T(3,24) pipe(11,13)
2 line(6,10) T(9,11) pipe(1,2)
3 line(2,6) T(9,12) pipe(1,3)
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BRI IEN N 700 Jiot/km, BRAEIEGEN
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¥, W GREZREN N 400 Jiot. MEINRTE
i€ Tl oAl SRRE I, FR RS R A AL A
Rk, ASCRIER 2. 3 1R S Moo T &

TR 1. st fEssm 3 Aok, Blofe
pipe(11, 13). Jof4 line(15,24)F17044 line(6, 10);

TR 2: sfbEass ) 3 & skeg, RIooft
line(15,24), 7ot line(6, 10)F1GAF line(2, 6):

T3 i ERMEEI 3 KA EE, RIofE
pipe(11,13), JtfF pipe(1,2)F17c4F pipe(l, 3);

TR 4: b MsEn 3 MRS, Bt
T(3,24), JofF T, 1HMTTLE T(9, 12);

TR 5 PRSI AR line(15,24).
MRS pipe(11, 13)RIAZ R4S T(3, 24) 347 34k«

F AT R RORATESR 4 hegh, Hr
S FAS 53 337 R R VTR bR PRI 2 AN FREAK )
Ao, Co R siA, At C/AS RRILTT
RS 1% RGE LI IEFRAR T 75 T3 A

F4 BUAFENMREBEA

Table 4 Effectiveness and cost of strengthening schemes

AT R S/kW AS/% C,/(10° JT) C,/AS
ES 66.230 82.038 1.606 0.0196
HE2 26.670 33.030 1.149 0.0348
FE3 45.390 56.219 3.055 0.0543
X 2.162 2.678 0.012 0.0045
HES 62.650 77.593 1.430 0.0184
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Table A1 Parameters of gas-fired power plants

G BRI U P MW PamadMW O
: : (m3/(MW-h))

1 2 14 0 192 180

2 13 7 0 591 180

3 15 8 0 215 180

4 21 2 0 400 180
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T A2 RARBERGTSSH

Table A2 Node parameters of natural gas system

T A4 EHENSH

Table A4 Parameters of Compressors

e Y e 3 Gd/ S/ S/ Tomin/ Tomax/
TR R
MMCFD MMCFD MMCFD psia psia

1 S 0 0 250 600 1200
2 L GT — — 400 700
3 L 40 — — 400 700
4 L 0 — — 600 1200
5 L 0 — — 600 1200
6 L 0 — — 600 1200
7 L GT — — 400 700
8 L GT — — 400 700
9 L 0 — — 600 1200
10 S 0 0 250 600 1200
11 L 0 — — 600 1200
12 L 50 — — 400 700
13 L 50 — — 400 700
14 L GT — — 400 700

e S—ARUEAT A LA A GT—Z 1 SIS
SHTTHIH IR G

F A3 RARBRGEESH

Table A3 Pipe parameters of natural gas system

4 55 %0 IR

Fidg's  AOWs HAYWA BESHK KE/km
1 1 2 0.1321 62.5634
2 1 3 0.0997 82.7830
3 2 3 0.1685 47.7344
4 2 4 0.1865 45.0616
5 3 6 0.1222 68.9798
6 5 8 0.1743 48.2803
7 7 10 0.0664 53.3592
8 9 12 0.0312 101.3107
9 11 13 0.0433 72.8629
10 12 13 0.0441 80.6226
11 12 14 0.0559 63.5522
12 13 14 0.0443 71.3812

G5 OANTE T JRSEHCRR O R4EEE B D,

1 4 5 1.2 1.8 0.0129
2 6 7 1.2 1.8 0.0129
3 8 9 1.2 1.8 0.0129
4 10 11 1.2 1.8 0.0129

FTAS BSERARZTHREBEEXSH
Table A5 Parameters related to failure rate of

electricity-gas system components

HUFE UL F AT R ER/1075 AR A /100 IRV F R

6 6.446 2.546 0.0001
7 50.400 7.027 0.0010
8 257.000 182.600 0.0100
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According to the division scheme of three-level
latent focal region, an earthquake zone includes tectonic
sources and background sources. The combinatorial
enumeration method is used to get the set of potential
earthquake scenarios: enumerate the potential source
points in the earthquake zone and the possible
earthquake magnitude grades at each potential source
point. Fig. 1 shows the diagram of the combinatorial
enumeration method, where M, and M, respectively
represent the upper and lower limits of magnitude at
each point, AM indicates magnitude span.

Fig. 1 Combinatorial enumeration diagram

Based on the ellipse attenuation relation of
earthquake intensity, the intensity distribution can be
obtained. Then, the components failure probability based
on the earthquake intensity can be calculated.

The system-level resilience index Ry is the
expected load shedding of electricity-gas system when
an earthquake occurs in the earthquake zone. Besides,
the component-level resilience index R, is the decrease
value of R caused by the failure probability of
component m becoming 0. In order to calculate Ry and
R, it’s necessary to get the load shedding expectation
E[QO.] under each potential earthquake scenario.

The impact increment-based state enumeration
method (IISE) is used to solve E[Q,]. IISE method needs
to calculate the optimal load shedding value of low order
fault state. However, the load shedding optimization
model of electricity-gas system is a mixed integer
nonlinear problem (MINP), which has poor convergence
performance and is hard to find the initial value. To solve
the problem, this paper decouples the load shedding
optimization problem of electricity-gas system. Then,
Matpower toolkit is used to solve the optimization part
of power grid, while the two-stage gas network optimal
power flow model is proposed to solve the optimization

S1

part of gas network. As Fig. 2 shows, two-stage gas
network optimal power flow model integrates mixed
integer linear model and nonlinear continuous model.
The simplified solution is obtained by solving the first
stage model, in which the real variable value is used as
the initial value of the second stage model, and the
integer variable value is fixed in the second stage model.

The first stage
Mixed integer linear model

h
Real variable
Gas source output

Integer variable

Compressor status

Nodal pressure
Compression ratio

Gas load shedding

Gas flow direction

iFix variable

Initial value

The second stage
Nonlinear continuous model

Fig.2 Two-stage gas network optimal power flow model

The electricity-gas test system is attached to an
earthquake area. Firstly, the resilience of electricity-gas
system in specific earthquake scenario is analyzed to
verify the feasibility of the proposed algorithm and
model. Considering that the power grid and gas network
overlap each other, their positions in the intensity
distribution map are shown in Fig. 3 respectively.
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Fig. 3 The electricity-gas system in the earthquake intensity

distribution map

Then, the resilience indices based on the set of
potential earthquake scenarios are calculated. When Riys
is higher than the standard value Ry, several component
strengthening schemes can be put forward according to
R,. Combined with the standard set value and the
strengthening cost of each component, the most suitable
scheme can be determined.



