$£39% FsH
2019 £ 8 B

2 9 8 % RS

Electric Power Automation Equipment

Vol.39 No.8
Aug. 2019

VB RGBT L~ TR 4
nl SR HLAE 75

HVERCEN

BLEORLFRRL XA

(1. R HRkF B TEFR,THK FHK 132012;
2. REXKF HReERKFHRETELE T, RZE 300072)

HWE W-ALZKAIAATHRAENABILEAR R RAME AR K, mAEL S S RS A e qe
(ATC)H A F 3 AZ B RRALAAWUEHRIEFE, A AT AR A ZAEERGE- A LH AL
ATCH L, RRFMBAEEAFTRENGHSTHTRE, AR N2 REERRLAF EE N ABIKA,
B A FOATAL, FREABIB A T L BB A LR, KRR TR P RE A2 69485 ATCAE
ARZ AR, RALT =5 BRI B E 8 Kik(ASBM) 3 ATC #E47 R AR, AIBAT 5 5 2 A R
SE B AARYE, H R T —ANTRMBAT S E . FH ST EARRAL ARG TAR ZH RALATCIE, B

IGE T KA ASBM KA ATC 09 & 20k,

KPR :TRM LR RREZEM R LI RAAMERFR; =2k aE 8K

FESES:TM 711

0 5§

DU AT A AR S — IR BR IR A AR 48 A HY
GRS ISR SN DT VDN (IO EZN 7N 177/ 3 e
M K . MU &, RNV F w5 T
FEAH EL R RO, FEAE R B 1 Lo ) 5ze i3, K
M RE S KRAKREWRE AW, [H
I, Bt FLAR BRI R, mT LR REFE 45 AR
AT AR RN 2L, DT Sl K PHAE XU RE 46 [H] Bk
PE TP A B VR A T 2 4R AL O e, TR 2 b R e
NEGH R R GRS I, B - ER RS
L2 A I I, FE =S B IR R 49 f I A ]
HLfiE /) ATC(Available Transfer Capability ) 3155152
Iz B OGTE

H A, E NS E X - BB R G AT T K
5T . SCHR[5-6 ) W34 10 F BE 404 1 L -S
BRSBTS TH ARG S RARIRS
Z R R A o SCERLT PR SRR L
B 7SR R G AT SR, JF S R 1A
KA TREENTRRGE R EN . SCER8]
A T A ST B - RIR R B R R 4
HIBERRE R I T . SCHR[9-10 A& T HL 1 - RERK
R BIRBRI A ACAE SR i ) RS0
T EX KRR GEHATIAA ST o SCHRL 11 15X
HL S REUR T M & AN o 1, AR FEHILIY 5244
iz 5 RN e KA B br, $2 o — B BE AL )
B

ATC A 1 T 76 /& L) 3R G048 4 20 o 1Y) JE il

I #s B #1:2019-06-07 ; 1& B H #8: 2019-07-08

XERFRAERD: A

DOI:10.16081 / j.epae.201908043

b TG R O A [ DXl T Y P R s e O . SOk
(12 142 Hh 25 SR TR W 8 A VR R DR 33 5 12
ATC HY T 45 SR X T ) i 39 1 3K 2 0007 28 G
B [ ] T E ) R G R KL RN A R E VT
S ATC BYSR A 5 12 2SS B W vk
SV R DU R S s

SR LA EWEFE A 2% T8 RN H TG
HEE B Y 22 S, B 2% 0 3 A R PR XS RGERYSE R .
HEE T AR/ DI A 53T G I I 25 114 3
SHFPEXS RGERE RN o T Y ZR GE R LR
I, XA RGeS BT ST AN 583 , T E— 20
TE . AR R sh R, BT E A2
WH9E, SBR[ 16 JfE - IR RGP it b T RIS
KBS R UEH T AR AR I 22 W A I A E
L RIRANBAL L B 2 S BON R AR RE T 58
SCHR[ 17 13— 2D 31 B AR S E A LAY, Uk
B A AR X RE IR SR I AR . B
SCHR 4738 2o %k KR A B A e v AL TR B 1 B
SRR R G as T Al S, DU R AR M 918
BRI 2N W28 RS A —E RS2 . H B T
IR E N A2 R IT IR R K, oA RS
JE T K SE ] ()50

L5 RTIR A ST ST B R AR AL i A I F v —
EIK ARG ATC TS, M H RN U8 T8 SE I A 1
FRABE AR 5 SR T 45 18] o SR AR ks A R 4K A 0 465 42 Ff 3
TG TR ATC 52 5 (] IR 18 38 SR g 3 1Y
[ 8T, 5 1 450 32 52 0 it ) Bty E R A i T ik
L H Al WA K 7 ASBM (Adaptive Step  Bisection
Method ) , B 2 55 ATC AR ; A FLRIIR 20 95 53



@ @ ) 6 & 2k &

#3935

KRR GEANIEEE 39 9 1 #1, ) 5 GE 45 1M i i
LI R G UE T RAR M G far & A A8 L
F BRI R G FE R AT DLBE R ATC, 3 i re
W DX Sk ] ) BE 8 A2 S AE 7T, R I L35 UE T ASBM

PR
1 B-SERARZFEE

1.1 RASEZEE

RKIKRARZRGEERNRZGEA —ENMHEZ AL
S5 —, REVR P (L0 B L R B e A B RE IR
P A RV L i 1), B CA T ROIRES i (U
R 7)) FRER T 1] 5 50 =, Mg R R SR ALY
T R RE B AH S SR I, O R R R TR Y & 4 T SR AL
N, RGBT TIRE T EA TR 22 N .

H T 24 25 B AR AL 22 A, AT R BGK At i
WA RIR R RGN A TG Ol . FEXT
KRR R G IR 45 18 40 R 2 A 00« — 8B40 N
S 1A S L 5 — R R R AR LS o

XF R ARR R G ) T ma, HOR
"E, N

F o=k, (05, = 770) (1)

1 a, —,=20
-1 7, -7,<0 (2)
Hrp o, o SR S om fon (R 7 5k, A 548
AR AKBE R A R S5 A DG B B s, SR
T AR TT 1A

2 (1) AT, KRR ik Jy ), B R 5 s
TR . IR A = RIRARSE
— FRERC A PR . R il i s AR pL AR
R, A AR SUAMRE R . IR LI AR
PLEK B I, SR SFEAIL I AR 1Y KSR AT 48280k i
A, H 3 R B DL S 3k o e sl 79 9
PE -

Sn =

H =B F .| (7,7, ~1] (3)
Toum,k:a+BHuom,k+yH(i)nx,A' (4)
Horp F,, Rt Il & B s H,,, 9 R HLIH
FERY L AE s B, RN Z, 8, B IO T IR 4R HLIR 5%
R 2B T IRAHLA T 57, AR THHLIHABAY KR
SR s 0 By WRE R BCRFEHEAL
FEAEAL R R HLEK S s B BT A0 1R
m Foom.k n
T com, k
B SRR InE L
Fig.1 Compressor driven by gas turbine
RIRRRGES G PR
Faup.m _Fload.mzz an +2 Sgn( m,n ) F(‘om,k+2 T(-om,l\' (5)
n I [

%Mmﬂ{l m RIS A T 6)
-1 m AR E
e Fo L FF L, 530 R s m AR LR i 5
i .
12 BARFZEEE

HL ] R G0k R Ge s Al A b =X I A 7R, 3=
AU

P, =P, =V, V(G,cos 0, +Bsin0,)

(7)
Q.= Q..=V. > V,(G,sin 0, - B,cos 0,)

Hor P FLQ 200l ok & FALA D s 1 FL IS T
J15P F1Q, 533 R A A ) TJCH P v, VR e,
G392 R IR S A AR 25 G, RN B a3 ) R S it
i L SRR AN
1.3 BARGEXRASZSZNWBETHER

IRFEMLER: T —IREBTR (KRR M5 Ik
REUE (HL 1) M 2% RS HLIBFE R AR, Fn il FL )
F, WX TR RE 5 L RAC L= U 5 1M
XFHEAODREM S, B, fAR-TEREERAR
girh REEHLIEAEM KRR e Sl R D R 2
WFRAR:

H, =, +B,.P..+y,. P,

H,, (8)

Hordpr  FEL SRR RGN 55 m R e Ch it
WAL RREOL) s H, RS AL A AR
Ven Bl s, B, vy, AT EE DL AT FERR AR M 42
DL,

2 EERASMIERFFERNATCHE

2.1 RASKMAIIE B4

TERIRZAE WAL, i T R 18 Rk
5T R 38 5 2 A B0 BRI Y AE
R — B U T R i AN A . HEAE R
FERIINE 2 ff s . Kb, o HIERFIFR 500 RIRS
ARG fey KA AR BRI AR B 2 5 £ plt it 3 A o, B
ZIAN LR AL E A D HE £ pl o2 43 5N

11111

AL, WEERE

L=t L=th+o
bl gl el ey et - —— = |
| Dy, N
RIR A KRR
/I L I
| mn 1
r 1
n Ul n 15 2 1
S s Dy Vo fapn,v

B2 RHSEW
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Available transfer capability calculation of integrated electricity and natural-gas systems
considering delay characteristics of gas transmission system
CHEN Houhe',SHANG Cong', WAGN Dan*,LI Siyuan®,JIANG Tao'
(1. School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;

2. Key Laboratory of Smart Grid of Ministry of Education,Tianjin University, Tianjin 300072, China)
Abstract: The power generation proportion of gas turbine and the scale of natural gas network are increa-
sing in the integrated electricity and natural-gas systems,while the traditional ATC(Available Transfer Capa-
bility) calculation method of power system doesn’t consider the transmission delay characteristics of natu-
ral gas system,so ATC calculation of integrated electricity and natural-gas systems considering the delay
characteristics is researched. The equal interval sampling method is adopted to represent the dynamic pro-
cess of delay,the boundary value of node pressure of natural gas network and intake gas of gas turbine at
different sampling points are calculated,and the intake gas of gas turbine is converted into the upper limit
of power generation output, and the steady-state ATC values at different time during the change process
are calculated. In order to improve the calculation efficiency, ASBM (Adaptive Step Bisection Method) is
used to solve the ATC,and the next predicted operation point is determined according to the distance be-
tween the operation point and the security domain boundary. Case analysis shows that the delay characteris-
tics of natural gas system can improve the ATC value,and verifies the efficiency of ASBM in solving ATC.
Key words: ATC;energy internet;energy interconnection;delay characteristics of natural gas network ;dichoto-

my ; adaptive step
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Fig.Al Electricity-gas interconnection system
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Table Al Load change in Casel

FE(meedY)

S
K& 1L W& 2
3 3.918x10° 5.093 4% 10°
6 7.166 7x10° 9.316 7x10°
10 6.35610° 75%10°
18 0 0.19x10°
F= A2 1A 2 AR ILIER
Table A2 Load change in Case 2
ffi(mied?)
R
R&1 RE 2
3 3.918x10° 5.003 4% 10°
6 7.166 7x10° 9.316 7x10°
10 6.356 X 10° 7.5x10°
18 0 0.5Xx10°
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Table B1 Comparison of ATC between Region 3 and Region 1 in Case 1

ATC iHHAE/MW

fi} 1) /min
A JEAES % JRALI
5 90 190
10 90 180
15 90 180
20 90 160
25 90 150
30 90 140
35 90 130
40 90 120
45 90 110
50 90 100
55 90 100
60 90 90

& B2 18 2 X35 3 = [X1 1 B9 ATC HIXTEE
Table B2 Comparison of ATC between Region 3 and Region 1 in Case 2

ATC iHHAE/MW

i 8] /min
AN ALY % &SRS
5 190 320
10 190 320
15 190 320
20 190 320
25 190 320
30 190 320
35 190 320
40 190 320
45 190 320
50 190 320
55 190 290
60 190 250
65 190 230
70 190 210
75 190 200
80 190 200
85 190 200
90 190 200
95 190 200

100 190 190
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