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Fig.6 Three-dimensional SR, with storage system
based on (L,,L,,L,)

CHP,HS,# A EH, " EB, Kl i C 5 D45k
FROBUA f3i U ) 265 5 0 A b F TSC ) TAE 55, A
FD A CREE 4 X 5 A 2 RS (5 B
e B 3K S TR B 4k e A SR, TR I = 4
Enes S pUINI PRYVACES N

6 H I A s A R &2 4 Ak 2R,
BB ) DX 3R 5 4, TSC T AE 25 M 15 A(0.72 MV - A,
0.80 MW, 1.60 MW ) ; fi/IMIERE RE 7 (MSC) TAE 550
1#.B(0,0,0), % TSC s /b & PR HAy A T AR S
O] () T 45 45 48 B T if ¥ /NTF TSC, Ak R G RE
R 1AL H, 2 LR GMLRERE T (SSC) , W% 423
YLBJ . IF .HA .GE .EA ., JF .BI .GH J7 [} I {1 SSC & i
WK, EJ.GB AF \HIJ5 W) I 1) SSC & H i/ )N o

it REAE R RIES Hf A 51 ZE 3R Y, HAT Wi A |
2R R HERRRE D S A B TUGE R GiE
T2t et IR E . R I i RE e B X
RIES 2 4P BAREZ ), SR A EH MR 2245 ES (HS, |
HS, )2 4388 SR, A 7 Bt , Hi 5 EH 235 47 il RS
B2 A SR R AN 2 R

B7 ET(L,L,L)NAESEERE = HZ LI SR,
Fig.7 Three-dimensional SR, without storage system
based on (L,,L,,L,)
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Table 2 Comparison of security range
between SR, and SR,

YL AR/

S L,/ (MV-A) L,/MW L,/ MW MW (MV-A) ]

. 0~1.59,

SR, 0~0.72 0~081 " " "s 0.93
0~1.31,

SR, 0~0.60 0~1.09 "y %y 0.87

M RES, H %35 A fif A% B I, HS, 5 HE (GB,.
EB St [ 75 HH By, IR Ay 1 % B ik 1 4 ) 5 9
M5 2 A B0 U Y [R]— 2 BE A L SR, 5 SR, 0 T AR S
¥ BUHE EB T, 45 8 Be 01 G fp db A7 000 . HS,
PG T A LA Ly (LW T30 T, EB IHAE)
FL L) S RARR , A 2 97T L, T 6707 1) £ A i 3 K, R4
A5 G L3N, I, R B A EH, 2550 ]
A L, % 430 BBl BN, B L, 28 49 LA 3
K, L R 467 L, 8 A A T EE T 5 R G iR A AR
RERE JIHE N T 2.64 MW ; & 23R AT TH T 6.90 %,
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Table 3 N-1 security test results for
EH key equipments

R RRAR | OCHRE KRIRY
GB, 1 T, 1
CP, 1 T, 1
CHP 1 T, 1
CcP, — T, 1
HE 1 GB, 1
Cp, 1 HS, 1
EB 1 HS, 1
P, 1 ES 1

TE 1R, "R IR R T

F4 EHXEELZHON-1RZEMERKBER
Table 4 N-1 security test results for
EH key pipeline outputs

ML RIRATR | CHMEZ KR4S
1 1 9 —
2 1 10 1
3 1 11 1
4 1 12 1
5 1 13 1
6 1 14 1
7 1 15 —
8 — 16 1

552 &4 RIP AR

G4 TAHER €(0,0.7 MW, 2.2 MW ) N A%
SRS X HAE AT N-1 22 VRSB, HAYRE 2 1 far {4
FREETSC . FHRZEIRINGE S 6 i, ] WL &
CP,.GB, 54 3. 11 [ N-1 LM A @ 1, %
WA CP, 4k 9. 15 1Y N-1 4 & M AL 10 25 I 5t
W,
553 ZARA L

TAIRN TAE S D(0.6 MV-A,0.7 MW ,0.2 MW )

x5 EHXEEREN-1REERKBER
Table 5 N-1 security test results for
EH key equipments

PSiiahEas [ TELE PSS DL OESE S
GB, 1 T, 1
CP, 1 T, 1
CHP 1 T, 1
CcP, — T, 1
HE 1 GB, 0
CP, 0 HS, 1
EB 1 HS, 1
P, 1 ES 1

0" R A, 5 .
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Table 6 N-1 security test results for
EH key pipeline outputs

KEPEL ORISR | OCHEEL KRR
1 1 9 —
2 1 10 1
3 0 11 0
4 1 12 1
5 1 13 1
6 1 14 1
7 1 15 —
8 1 16 1

NBEARES WL T N-1 2 VER S, A ki
far B PR R AE TSC o5, IR 45 R an 3 7.8 fra , ml UL
EH BRI 25 M RS LR 1) N-1 % VERGI6 25 SR 1y
Syl it

R7 EHXEBIEEN-1LHRBER

Table 7 N-1 security test results for
EH key equipments

PSiiabEas i KA i e BN
GB, 1 T, 1
CP, 1 T, 1
CHP 1 T, 1
CcP, 1 T, 1
HE 1 GB, 1
CP, 1 HS, 1
EB 1 HS, 1
P, 1 ES 1

®8 EHXEEZHON-1REMUERIEER
Table 8 N-1 security test results for
EH key pipeline outputs

REEEL RRACR | SRR KRER
1 1 9 1
2 1 10 1
3 1 11 1
4 1 12 1
5 1 13 1
6 1 14 1
7 1 15 1
8 1 16 1
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Table 9 Security boundary distance of
operating points
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il HA . HC HD
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AHIF / MW 0 i =0.61 | 1.39
EGBJ / MW F1.60 ! 1.20 0.20
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Security region model for regional integrated energy system
LIU Liu, WANG Dan,JIA Hongjie, LI Siyuan
(Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)

Abstract: The automation level of RIES (Regional Integrated Energy System) has improved rapidly, which
lays a foundation for load transfer after faults,so the system security boundaries based on the N-1 security
guideline need to be further researched. For RIES with EH(Energy Hub) as multi-energy supply source,
the concept and model of RIES-SR(Regional Integrated Energy System Security Region) are proposed. The
N-1 security test method of RIES is analyzed,including EH key equipment N-1 security test and EH N-1
key pipeline output security test. Then, a simulation fitting calculation method for security boundaries is
proposed based on the total supply capability point, which can realize dimension reduction observation of
security boundaries. The effectiveness of the proposed model is verified by a case study,where the energy
supply capability,security state and security boundary distance are discussed.
Key words: regional integrated energy system; energy hub; security region; N—1 security test; total supply
capability
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Fig.A2 Flowchart of three-dimensional security region boundaries solution based on simulation and fitting method
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Table A1 Key parameters of EHs

EH X% & BESH BRERE FTESHAES FTRAVRE/AE
GB; REVRHE AR 0.9 3MW DN400 376.99 kg/s
. 21206 kgls; H: 5.83
CHP ALl 0.8~1 4AMW #: DN300; Hi: JKLYJ-120
MV + A
RES;
HS; EAAVBEGARER R : 099 03MW +h DN300 212.06 kgls
= Battery fEAPBE BB BE L% 095 0.3MW +h JKLYJ-120 5.83MV « A
CPy, CP, REMA A 0.6 0.3 MW DN400, DN300 376.99 kg/s, 212.06 kg/s
T A5 H: 35kV/10KV 8MV « A JKLYJ-120 583 MV + A
> T, A5LE: 35kV/10kV 8MV - A JKLYJ-120 583 MV + A
EB REVRA % : 0.8 3 MW DN300 212.06 kgls
GB; REURE AR : 0.9 5 MW DN300 212.06 kgls
RES; HE REVRAL R 0.95 5 MW DN300 212.06 kgls
EH, HS, TEAABEBEABE L% 099 0.4MW +h DN300 212.06 kgls
CP3, CPy RERA IR : 0.6 0.3 MW DN300 212.06  kgls
Ts A5LE: 35kV/10kV 6MV - A JKLYJ-150 6.91 MV « A
> T, 3L 35kV/10kV 6MV + A JKLYJ-150 6.91 MV + A
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