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ABSTRACT: Based on the security region theory, this paper
proposes a relatively complete security early warning process
for regional integrated energy system (RIES). First, this paper
constructs the RIES security region model and introduces the
RIES security boundary calculation method, including the AC
security boundary and DC security boundary. Then, fuzzy
inference and fuzzy comprehensive evaluation methods are
introduced to assess the severity of violation in early warning.
Next, the security early warning method is proposed, which
comprehensively considers the N-0 and N-1 security to send
the early warning or alarm signals. The method proposed
includes the selection and assessment of early warning indices,
the level classification of security early warning, the analysis of
early warning, and the prediction of security trend. Finally, the
effectiveness of the proposed method is tested on case studies.
The security early warning method proposed in this paper has
important application value for improving the security

management and control ability of RIES.

KEY WORDS: regional integrated energy system; security
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Table 6 Data of operating points

BATE SiB/(MV-A) Sic/(MV-A) Si/(MV-A) Ss/(MV-A) Sip/(MV-A) Se/(MV-A) Si/(MV-A) Si1/(MV-A) ¢/MW $/MW fi/MMCFD fs/MMCFD

Wi 101 1.09 1.65 1.33 3.99 326 1.65 050 100 100 020 0.05
w, 14 321 1.64 2.00 238 2.86 1.64 238 260 200 020 0.19
W, 360 2.99 1.56 356 1.78 250 6.00 582 100 100 010 0.10
Y 321 5.96 3.69 578 250 2.00 200 002 100 030 021
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Table 7 First stage early warning level
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Table 8 Calculation results of indices and severity levels

L Or Py/(x107%) O EH R Py PSR
AT R
N-0 N-1 N-0 N-1 N-0  N-1 N-0 N-1
/43 — 0.32 — 0.29 — 3 — 2
Ws 0.11 0.61 0 0.29 1 3 1 2
Ws 0.12 0.54 1.00 0.67 1 3 3 3
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Table 9 Output fuzzy sets and exact values
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Table 10 Second stage early warning level
IBAT K B TR
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433 TEJRH ST

X3 NTEIEAT A% 5 BB HT TR A
IEXCER W i iE, ws 5 wa b LI € BS.

WU 1 A H IO eor. HRIERGBO)IHH
W, &% B AT A0 R o I R S A g
LR T ec AT FITCHF eor, SERNE 11,

PR 2. PR S SRS A A 5
N N-145, Tik—Eh N—-1 otk N-1 o
SEMA RN 11. PR 11 158 31700 53 4
17 0005 TR BN, YEHH N-1 Jofse b i 4n b iR .



3720 i Bl L R % W B 455
=11 BITE WmERMFOR R
Table 11 DC crossing boundaries and corresponding components of operating point
K5 MRLR L SUL E Sy Gy /MW N-1 761t ev-s BT eor
1 o2 0.85S)c+0.858s=5(CHP) —0.64 ‘ ‘
e MR L s T, CHP #HLA
2 0" 0.8551c+0.8585+0.1 ¢7=5(CHP) -0.76
3 6.Ql|’§ S2+SaB+S10+S1 1:8(T4) —-0.02 jFE Tz jFE Ty
4 oy 0.211/+0.211fo+S1p+S1c+S3=6.582(L1a) -0.06 FLIZR R L SRS T ML T Lia
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