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Coordinated Active-reactive Optimization Model for IEGES Considering
Reactive Power Support by Gas-fired Turbine
ZHANG Haoyu, QIU Xiaoyan,ZHOU Shengrui, LIU Mengyi,ZHAO Youlin

(School of Electrical Engineering , Sichuan University , Chengdu 610065 , Sichuan , China)

Abstract: As the important equipment to link the power network and the gas network, the gas-fired turbine with
the ability of reactive power support could be a considerable way to decrease the network loss and the voltage
deviation. Based on this fact, a coordinated active-reactive optimization model for integrated electricity-gas energy
system (IEGES) considering reactive power support by gas-fired turbine was proposed. Firstly, some important
units in this model such as power to gas(P2G) , gas-fired turbine,on load tap changer,and traditional generators were
elaborated, and simultaneously to integrate the reactive power support by gas-fired turbine, the piecewise
linearization was adopted to linearize the coupling constraint between active power and reactive power generated by
gas-fired turbine. Secondly, by the technology of the second order cone relaxation, the model setting the minimum
dispatch cost and network loss as the target with the power and gas network constraints was transformed to a mixed
integer convex optimization problem. Finally, the integrated system of IEEE33-node power network and 20-node
natural gas network of Belgium was employed for analog simulation, results show that the ability of reactive power
support by gas-fired turbine can significantly decrease the distributed network loss and voltage deviation. This model
can provide reference for the construction and dispatch decision of the integrated energy system.

Key words: integrated electricity-gas energy system (IEGES) ; reactive power support by gas-fired turbine;

second order cone relaxation ; piecewise linearization ; coordinated active-reactive power optimization

BEAE 2255 0 R e , NR BTN RE ARG —RE A BEAH] T 2 Fh RE IR AY = S8R HT
Uk v FIEREE O AP )R HAT, FRE XA 2 R RS2 BRI, i, - ERS
JF 0 25 2 et S 7, L XU R, TRl e i AETR R 4 (integrated electricity—gas energy system ,
WA PR S T A R RME . 53— 0L AXNE IR IEGES) AR &N B M A= , R i ) RGEMIRIR

EETE : W ARHT F G0 A00H (2017F20103)

YEE® A ik 8 (1994—) , I, Bl 0F52 4, Email : 905701355@qq.com
52




Rk d 5 H B AR 14509 IRGES B 2 - B 5h Wi dk AL AL A

WA 20215 HS51E F12H

RGEWME AR S T REIRA IR At BE
R, BT (power to gas, P2G) IR FE HL
5 UL R A G T B A e Xof He, I ok
S

FUAT, Bt X IEGES BT 58 48 vh T 22 B I 2
PIRIN A5 T T o SCHR[4175 18 P2G 8 iYis 47
BA 5 KL TE A TE I F G &R LR 2 B br
ORI I A4 7 925 D 98] 2R G 25 A 5 IKURL T 44
K P 5 SCHR [STA 52 30 A H, fie A 4 3K 7 B4
(combined heat and power, CHP) B %, W98 P2G
5 CHP 7€ IEGES " i 1 5 ] JEE AL 5 SCRik[6]42
55 P2G B 52 5 R L ) TEGES 28 5 ] 2 A
B UE B P2G X 358 XU 40 FIAR Ak B, ) 354 BRI A
Mo Bk TAEZ AL HE S w0 T E i) A
B {H 2200 7 H P DA EE T R A 2 SRR 2k % A
[m)

BE A, e R v 25 AT 0 T 8 TR 4% (on
load tap changer, OLTC) # 1E JC Y #2554 42
T BRI AE o SCHR (71588 A 14 5 728 T 48 4l Sk
TC I A M2 AT S 2 IE H, 1) I, R A A A
it Ay TR A K I R ) R A TSR i 5 SCHR[8]
FE XA I ) ENIRA W, 455
OLTC FIJf-Hk it 75 a5 52 LG L W 8 25 e o4k
B3 A AR T I Y T L T B, SR I
BRRHUVE N R ) REMRIAA ARG M4l
i AR S Hag—E I AMERE Y (H A T
Iy th I AR i ) AR R R A ARG R | anfe]
Xof JHG 247 TR O RV ) T AE T X e P A o O Bt
PRI,

g5 LA AR SCEET T B IR R AR ML) 3
LW IEGES A - TS h UL ALY . 5 s
T LA AR L XU L OLTC i B AL
HNERE R R G B rh IR 1 TR
WAL IO AMERE Sy 0T 20t RAR AL T 125
FEUR, 2 B C H 1 T A0 i 24 R ST D AR
0453 85 /IRy s 18 ) B2 DI AR ABEY , H He A
TR G BB B HE RS A 3] T i sl SR
£ CPLEX HER R o o 3t o 35051 2 A 6 UE AR
SEHLTCINIACBCR , IF 70 17 R 7 kG
HEPERI P

1 IEGES & - 5tk g A

1.1 IEGES%#
SCHBETTH TEGES Hy Fic H 9 | fid 4 R A 5

JCF(P2G AR AL A . P2G FIBR S FEHILAL
BT R O A R ) 8L [ AL B 6 EL TR AR
SR G, BCR X ERE ARl XU R
BLEH FIR S FE DL 25 5 T A R AR Sl TR AN
P2G b4 o A S K v i U2 T ST A <%
BUFN P2G X} 2 48 o oA AN 28 5 A Y 52 ), 7
K [ INAER RERIRRA o
1.2 HirEE

SCHIEGES AR H bR sR A A5 P 7« i
MER S B AR AT A Hir. BT 45 A
T L P 03 FE B2 NS [], S B2 5 RE VR 2R Ge it
FERMZTE A, 5] AR 240, K £ H bRl
ROV AR R B H bR ) {5 Rl , 2 SCIEGES 28765
AR 2855 A5 X 7 28 5 4 i 50 2

Npg

T Ne
mlnF = 2[ Zf(PDG,LL) + zcgaSQDGJ}L +
=1 i=1 j=1 (])

8 2 L)
mne Ny

K F RN IEGES Z56 WA s T Ry S i BOE, S
HL245 Ny, N FIUN 3 50 0 REALZH H 840 <
PRASBORTIE v, I S BRE Py, 5 A IHLZH
TE LI Be A DI 15 C 0 3 s @ R AR
VSAE ¢ B BB R AR 1 50 W NIRRT R %7,
RS e mn WBEAE 1, , 0 ¢ B B ik 52 % mn (A L
T3S (Pocad) A RUATLAL 0 AR pR &, HLAR A
S (Pyci) = a,P%GM +b,Py., + c.0hcis (2)

K ca,, b, FE i H DL A FE f RE M i 4k
B 0 N L HRHLALTE ¢ I B R TR HILIR
A, R 1FRIRTFIL, 0 FRR KM,
1.3 AREH

CHIEGES T U A 455 588 24 o3 2% 4 35 T
G A N W T ES T I R w oA b2 P S L
1.3.1  PCH M2

DA HREN R

P = P Syt +P Wit +P DGt +P Gljt P Ljt P P2Gjit
Qj,L = QS,/.[ + Q(;‘r,,q - QL,/.[
(3)
Pj,,t = 2 ij,l - z (Pij,z - ri/]i/i) + g/V/21
kes(j) ied(j)
Qj,t = 2 lec,r - 2 (Qij,t - xijlijz',t) + ijj?t
kes(j) iel(j) (4)
V]z, = Vi_z, - 2(P[j.,rij + QU’,x[j) + Ii,(r; + x;)
2 2
- P+ Qy,
/. VLZ[

e () B R SCH BRI T RE G54 ()
53



wAEF 2021F £51% FH 124

Rk d A H B A SR F 409 TEGES B 2h— By B A e AL B A

N AR R BRI ARAR T A P, Qu A N
SN A B BER A T BT AT P,
Py, TPy, 530 R 722 B sty XU ILZH RN B <A AL
e ¢ B BE 1) 05 AR I Py, T
T ¢ BiF BE 1) P2G i A BIA DI 5 Qs Qerge 5351
S 78 HEL S FIUR S HILAE ¢ Bt B 1) 4 057 1 ARG
T Py, Qi 23 AR 050 76 ¢ BE B A 2
T 585, b, 5390 R R I L R LN s, Ry
ST G R FLPUAE VR T AR A ¢ B B LR
P, Q. 50 R S I G 7E o BB A ) e T
2) G R ITF
Il;,-.mm </ i S 1 e
{V <V, <V,

Jit Jjumax

(5)

I e s Ly 73900 0 S0 B R BH E R FR
Vs Viwin 78035 507 B b R RR

3)AE RS IR, AR R ) JC I
a2 BT BRZYI
<P

Ps,'min < P§jr Syi.max
’ (6)
{QSJ}min < QS.j.r < QS,/'.max
j—:tl:'j :PSJ,maK,Ps,Am;n%%U%’EEE,ﬁﬁj E/‘Jﬁyjﬂjjjj: N

TR 5 Qs s s Qs 730 R B LS j A TE T M ) I
TR
4) KRR R LA 29 51 . SO A IR XL
FE RULZE 0 A T s g, 8 LA ) i R
1 BRI R NCHE L
0< Py, <Py, (7)
PigiminOcic < Pocis < PogimaOncis (8)
Py, = Pooyi 2 RY
Pycii = Pogju 1 <R/ ©)
o Py, R KL AL AL 7 ¢ s B T 1) %
P e s P i TN R 8 FRHLAE j A T ) 2 R
RS R, RY 43 5 BALAE j A IEHE W o - RR
5)OLTC 233, 3CHh OLTC #4727 2% 16 7% o, i
WAL BRI AR A S IS OLTC AH %
F14) 75 B St B 2 P Ay T ) A
Vow < Vi X, <V,

J-min base “* jt J.max
Xj.min < Xj,l < Xj.nmx ( 10)

rrrrrr

kS50 k-1 B9 A H 2208 5 007 Sy OLTC 7E R4 40 &
HRAAS &, 0-1 7484,
[] s o7 32 3 A A 457 901 55 Y I A0 55 VR i FR
i, R SR

54

OLTC OLTC OLTC
aj,ul 2 aj,tl 2 20j,z.SRj

E OLTC § OLTC OLTC,IN
aj,tJ; 9]'.r - Lk Z Tj,z
k k

OLTC __ OLTC OLTC,IN _ OLTC,DE
E 0. E 0, <t "SR, -7
k k

_ OLTC,DE
7, SR;

it

OLTC,IN OLTC,DE
o e 7 <1
It ot
T

OLTC.IN OLTCDEY V7 OLTC
Z(Tj,t t T )\ Y/

(11)
S L SR, 45 A OLTC Hy b (7 88 I 45 96 B
TN OO 3 S A 85 A OLTC 7E ¢« B B A b
P R 0-1 A8 5, B 0N S 1 B3R OLTC
TE ¢ B 2R 07 LY (e=1) B 20 R4 067 B8 i, o O B AR 3R
R BB, 7)1 5 Z AL YO S A
OLTC 7E 5 B J& 91 N A R4 457 9 57 e gk B FR o
132 BRI

1) RAR A P 2 ol

Z Pt @it Poriy = Peis T Pracia (12)

jeN,
KNI RIRRRG N R 00 M e BB
LA i W RIR R e M TR BT BER R AR
ST 3 @ors, M T ¢ I B RS LAY
TR 3@, TR TE I B4R I K AR S
TR 5 @racis N P2G TE ¢ B B[] 47 55 i AR IR A
WM,

D)WV . A U K 2 B AR
SR A Bt R, o] LLEAR R IR
@i = KiSyn/Siu (Pl = p)

{1 Pi =Dy

S. =
-1 p,<p, (13)

il

’ Cit | S @i

Pimin SPit S Pian

A K, 08 18 i 19 Weymouth 5 455 S, 0 48 18 if
TE BB Ryt AR T, O 1 38 TE T i AR
T AT A, A= 1B WA S 5 s AR A
TE ¢ BB AU 52y A9 A5 7E ¢ B Be i <

@i NI 1 BV F BR3P s Piin 73 0 715 1L
AU B CRBR
3) LR
Piimin S Piia S Piima (14)

T s Pimin 735U § B ARSI
& ELUFBR,
1.3.3 ATl

DP2GH AR . B KIR WL R 0] Lo i



Rk d 5 H B AR 14509 IRGES B 2 - B 5h Wi dk AL AL A

WA 20215 HS51E F12H

B S A R K T A AR AR
FH T B2 /INFEAEME LR St T2 i 1) SRl
AL DI P A RS R R A IR R TR AR AR
R AT P2 A W bE 25 I B B i Ak 2= J i
P2G WK 2R 45%~60% ., T RIRAT 18 Al
fitt STE B A2 22 % S A ST B, J9T DA XoT FL R T
T, P2G AR R AT B A 1 0 s 4067 e T IH A
Ko KL 2 ) RE i Re nY —Fog 7B, A
IRBRIR AL BT Sy

Crrcis = Moo Proci [ HGV (15)

Procimin < Prrgis < P
e AL SRR HGV R KRR A,
SCHE9.88 kW« h/m®s Py e s Prciwsn 23910 P2G
AHRYIE TR,

2R EL . BRECHUAE R = ROE I W &

7 2, R L ) L P A LR R
o) g iy 1 7 A £ B B € o L LA B R A fL A
Ry

Piriy = Ner@ors, » HGV

0 < PGT,i.I < PGTJJnux
KA e IR R Py WA IR
CERVIE i

AR SC T IR RS LR TC R I 1Y) T D) A g

J1, A YT TR Rt e an # 1R

(16)

Y @)

R AT

(975:-0)

PRI S i e 2k

Fig.1  Active and reactive power output curves of gas-fired turbine
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