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Fig.1 Schematic diagram of IEGES
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Fig.3 Schematic diagram of electric-driven compressor

1.2 BARGER
TES H L 7 22 G5 10 0 A5S 760 30 2R FH 28 I 10 A A
RIS, 9 s Dk 0=t (6) s .
{PzRe{U(YU)*}
Q=Im{U(YU) '}
Horp QAN S D DR AT DR Y
RGNS+ FoR L U T S R AR R
1.3 WETHER
A IEGES WIFR & T EZA BB
P2G 4G 2, 2 P & JC B AL AN R BT ik .
1.3.1 BRA K BHAFEA
BRAR HEMLIHFE R IR A B )R SR
RHHUAR LY, BAA PR AR ARy R 3R
S /N AR L AR RGN T

(6)

Qcc =YeePec (7)
_ Qe
r = ()

Hor Qo IR R EHLIEFER AR 5y M RERFEIL
BOCRRE P IR R LR R IR T AR
SRAITHFE R s Ay ISR BRI
132 P2GHR

P2G $ A (1 g A 40 1 4 FF s o P26 F AR A
FHELRE 7= Az KSR, 40 A v il 7K i) &0 fRL 2 Y o
225, P2G HARMHET R E— 2 i T KRR
RGEHW N RGENER 2 2 B AR &
%o RIREEEPEANGSI G B AR —
B BRI, T e AN 2 R R AR S5 18 P26
RN BE . 1 MW Bl 3R 28 5 v figg /K R0 o

T JE 152 AY R IRS AT & A S F 0.6 MW AU HL IR
B P2G B BB AT A5 60 %17, P2G T AEHL IR
MRIR (B ) Fe i R UF

Ly = Pog; /;;PZG (9)
HY

/H\:EF‘ ,Ll’zcy‘j P2G ?ﬁﬁ%ﬁ%ﬁiﬂ@%%%ﬁ% ;sz(;
N P2G B TRERI IR s, M P2G BUEEALAIR

116 kg/h — & ALHk
w192 ke/h 7K (59 m*/h)
CiRiR: 0.6 MW HL I %
169 kg/h S @ 96 kg/h 7k
(70 m*/h)
B4 P2GHEARRIEEEFE

Fig.4 Energy balance of P2G technology
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TS HEN T B, 0.9509 12.895
A HENLT By, 0.9524 9.093
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Table 3

gas storage tank on node voltages of P,,

B HEREHE / SCM A5 S P, FLUEIRE 905 P, LA / (°)

Influence of different gas outputs of

0 0.948 1 -13.906
2.9x10° 0.9492 -13.368
5.8x10° 0.9524 9.093
8.6x10° 0.9553 -10.708

X F RARR R GEH 55719 05 B, ARG E 10 135
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Fig.11 Calculative results of natural gas system

node pressure
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Security analysis based on sensitivity analysis for integrated electric
and gas energy system
CHEN Houhe',ZHANG Peng',JIANG Tao',LI Xue',SHAO Junyan',LI Guoqing', WANG Pengyu’
(1. Department of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;
2. Changchun Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,
Changchun 130000, China)

Abstract: The interaction coupling mechanism among the subsystems in IEGES (Integrated Electric and Gas
Energy System) is explored based on the sensitivity matrices between the electric power system and natu-
ral gas system in IEGES,and the measure to enhance the operational security of IEGES is proposed. First-
ly, the IEGES model is established, and then alternating solution method based on extended Newton-Raph-
son method is adopted to solve the multi-energy flow equation of the IEGES. According to the solved
multi-energy flow of the IEGES,the sensitivity analysis approach is adopted to calculate the voltage ampli-
tude-gas load sensitivity matrix and the natural gas system node pressure-power system node active power
sensitivity matrix to quantitatively describe the interaction coupling mechanism between the electricity and
gas systems in IEGES. Further,the weak nodes of IEGES are identified by the sensitivity matrices,and the
measure to enhance the operational security of IEGES is proposed. The performance of the proposed ap-
proach is evaluated by the IEGES-24 test system integrating IEEE 24-bus system and Belgian 20-node gas
system. The results demonstrate that the proposed approach can be used to reveal the interaction coupling
mechanism of IES(Integrated Energy System) and analyze the operational security.

Key words: integrated energy system; alternating solution method ; Newton-Raphson method; sensitivity analysis;

security analysis
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Table A1 Parameters of natural gas compressor
)‘l‘%*ﬂéﬁ% H‘gﬁi*ﬂ‘ﬁ%/'ﬁ H‘gﬁi*ﬂj{%/'ﬁ Rmin Rmax

C: Bg Bg 1.02 2.45

C. Bi7 Big 1.02 2.45
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TableB1 Calculation results of multi-energy flow state for natural gas system

e g ) L= EiRoy=S TEEHER
/:‘IW—I—OJ‘“‘I_T,\ IU:’\(I)\TE’L HJ",L“’\/:ﬁTJ"/SCM U"ﬁ'\TH—E ‘T"“"j‘
W /SCM PR /Bars Y Rl /Bars
B 1.091x10" 0 58.00 50~77
B2 9.400%10° 5.000%10° 57.99 30~77
Bs 0 3.920%10° 57.88 30~80
Bs 0 0 56.58 30~77
Bs 2.810x10° 0 55.65 30~77
Bs 0 4.030<10° 47.76 40~80
B, 0 5.260>10° 48.44 40~80
Bs 1.570%10" 0 59.46 50.00~66.25
Bo 0 0 62.43 30.00~66.25
B1o 0 0 53.88 30.00~66.25
By 0 6.370<10° 5271 30.00~66.25
B 0 0 53.66 30.00~66.25
Bis 0 2.12010° 54.52 30.00~66.25
B 0 5.00010° 54.54 40.00~66.25
Bis 1.296>107 0 5457 40.00~66.25
Bi 0 6.840<10° 54.35 50.00~66.25
B1 0 1.562x10" 40.79 40.00~66.25
Bis 0 2.20x10° 42.68 40.00~66.25
B1o 0 0 40.66 40.00~66.25
Bao 0 1.920x10° 39.18 40.00~66.25

%*k B2 RASAGZEEBRETELER
Table B2 Calculation results of pipeline flow state for natural gas system

HiH BEEYR  EEARYR T IE R R Ci (ERIERTA
1 1 2 9.0720 10.92
2 2 3 6.0469 19.82
3 3 4 1.3954 15.90
4 5 6 0.1003 2.81
5 6 7 0.1487 1.22
6 7 4 0.2269 6.48
7 4 13 0.6597 9.42
8 8 9 0.6643 15.70
9 9 10 1.4512 15.70
10 10 11 0.8638 8.42
11 11 12 0.9070 8.42
12 12 13 7.2562 10.54
13 13 14 3.6281 6.12
14 14 15 1.4512 6.84
15 10 16 0.5144 17.76
16 16 17 0.5798 2.14
17 17 18 0.2782 1.92
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TableB3 Calculation results of multi-energy flow for power system

FL IR i i
I e ML D HINDIZEIMW FeH) 3z /Mvar
Py 1.035 -15.677 108 22
P, 1.035 -15.611 97 20
P, 0.966 -18.608 180 37
P, 0.993 -17.161 74 15
P 1.015 -17.421 71 14
Ps 1.006 -19.382 138 28
P, 1.025 -14.205 125 25
Ps 0.989 -17.895 173 35
P, 0.993 -14.213 175 36
Pio 1.021 -15.947 245 40
P 0.984 -6.886 0 0
Pis 0.994 -5.288 0 0
Pis 1.020 0 265 54
Pis 0.980 -5.004 194 39
Pis 1.014 0.032 317 64
P 1.017 0.86 100 20
P 1.039 4.653 0 0
Pis 1.050 5.693 333 68
P 1.023 1.183 181 37
P2 1.038 3.355 128 26
P,y 1.050 6.231 0 0
Py 1.050 12.116 0 0
Pas 1.050 5.226 0 0
Pos 0.948 -13.906 360 0
& B4 MR LXBHHATEITIRE
TableB4 Current operating status of gas generator
. AL PSR L T s
i LV TG AYHRIMW - TR Mvar  HHHRIMW - L5/ Mvar
P, 1.025 0 240.00 57.84 125 25
% B5 P2G HAIEITRE
TableB5 Current operating status of P2G
sins PREATE gegson  PACUR B LR
B, 9.40%10° 5X10° 57.99 30~77
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Fig.C1 Voltage amplitude of when gas tank is in different positions
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Table D1 working status of slack bus

Tt SREA B Pu TSI S PIMW P35 S IGThH /1 Q/Mvar
Teht e YRR ) 611.93 118.18
TS HENL T Bs 590.50 117.87

T SENL T Boo 579.83 117.79
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