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Fig.1 Approximation of continuous load curve

1.1 R BR

TR DL RGBT LR G A /N R H AR pR R,
FEAAFENLAL & AR R far 2% LT R AR R TR ST
HL AR R AR AS SE AR | 2 SR B 57K i
AN (DR . PR AR i B - RN LA K

BTt s /A & AL Koo pLAE & LA ool
8 T AR AR A R 5

r B Ny
min ¥ 3 S (pEOD;+g (B ke +
&

=1 j=1| i=l,igo,,
Ny

kcrc}»,[D; +(ku,1g;,t +kc‘lg](r;")D; +Zkhh; ( 1 )
g=1

Horbr, TR s B, Ry 1507 43 BRIV, R K AL /Y
BEGN, KAV R S8 0, WIRSHLAES
i) R KB LA AR 4k 5 ¢ (+) ol e TR 55 FL
APRE s p e Ay o B AR SRS LA § FE SR AT 0 B
1910 75 DAy ¢ B 20 85 fa 43 B ) /NS B B Ry o s
Z 5 Ao 43 B R P PR AR R VR 5 L A S AN R R A3
FEIK LA D) 17 ey A R G £ FH T %) 40 far DD B
B 5t kS 530 R ¢ BE 208 DR AR A S R B I <,
R BT JRAS 5 ¢t cer ' 43 ) A o st 280 67 i 43 B j ) B1) £ 7
(BRI fE 2R 4028 0 T far DB ot 5 o0 2R ¢ B 220 KR
KARGAE A5 B 1 B 2S5 g0 o e P2 RS
KRGAE T o3 By W it s b, o e P ZIK LA ¢
B 5K,

AR Z BeIR R G P K s 1 TR A T 2
RN RG KR RG-SR E RGEX 3
N RG LA FFAE S BRI
1.2 BARFHAREY

ML RGN L R A R BRI R E S PE S
KRS LR AL 5 B b s T 2R i ) RS H
L 2 RAE
1.2.1 %tk 5mEREH R

(DR RELL

A LA AR ARG JE I N R A 8
T 2 — 2 AR, B 14F 1R .

Zz:ll.r > Mi"[l‘h (2)
t=1
T
>t=m! (3)
(=1
r
3 s (4)
=1
T
ZZEHPJ > MISHP (5)

Hop FHAN AN i IRk AL i K HLHLZH
i, K E REALL o AR R = AL o, 7E ¢ B 20 i K
B A, 2 S EWRE A 1, 75 U IRAE Dy 05 M ™
MM M R RN HLE A 1B IR
()KL [ 25
PLAH (ARG A& B 1 7 -5 ML 2 22 5K A A 48 s ) AH
7, R



TR, 45 - ZREIR R G KM PMHs TR 5 07 ik 57

% 34
r
Zmilth ZD::LIh (6)
t=1
T
domi Dy D
=1
T
2 m:):" > D:,Pb (8)
=1 ' ‘
r
zmzum > D:‘LHP (9)

Ho,m{™ omi m> om0 K BB i K H
BLEH i, Al 7K 2 REDLAL i AR IR P HILLH o, 78 ¢ 1 21
FRAGLAB RS, 8 Ak T AGLAB RS BB 1, 75 DU B
K0 D" D DR D SRy A TR HLE A
B

(3) LB R 295

IR RARAE RS S K v AL ARG A8 a0 01 i 25
(THF

1+D:‘;"”‘ -1
Z m'il;m _ z'il;h,tD:x,Th >0 (10)
T=1
r+ DM -
2
Y, mt - Drt =0 (11)
T=1 B B
t+ D™ -1
3
> mP =MDt =0 (12)
‘ 3 3 3
L+ pmCHP
4
Z mzup,r _ zzuk,zDE:. CHP 5 ( 13)
e

()L R B 25k
™ g A T A B LA 2 B e T R
17 BB 0

Y m <G (14)
i €8,
Y mi<Gh (15)
iy €8,
> ut <6l (16)
EEES

Hr, G GERGP 53 KL gy JKHLT g, FlTh
IKEREHL) g, [FIBS AT ARG B HLAL I 5 BOPR i
122 MBI R

(DHLAHBI RS

BERY 2% 1B R e K I s 17 4Rt PR X AL
I A TOM R B T T 2 R AT T — 2 i ik
&R B LA RS B e ) TS HLR S B
HLEH TC 1 [A] I b A A 0 I H s A TR, A

mi g <1 (17)
mi + k<1 (18)
m{> e < (19)
mi™ g < (20)

Rt g B0 e LA i, K
HLALL, B HLALE 50T 40 B BB A TR, 25
Ab A FRAS UHE R 1, AT I 05
G306 2R K 25 LA i, £ 0008 4B 0 5 PR
AR AR 2 , 25 b T 17 936 TR B A 1,
FEEH 0.

(2) Lt S 23k

JCHLHLERL K B HLEEL K 2 REBLALR T B fi
A0 14 03 /NS B N AR H ) R ML R
L

u:lj}zp:l“lh min Sp:rlh,]z < u;l“llj..frp?lh,max (21)
ulipi ™ < pi <ufiphtt (22)
u’PzS]gtpib min < pzs]gz < uiS]grpzS max (23)
wp M pl < pt < pit e (24)
0<Er' <E™ (25)

b pl i Rl plset prie 435 A o i 2K B BLEH i, 78 67
far 53 BEj 1 H 3 A oK B BB MLAL i, £ T far 20 B2 19 4k
IKINZR JBOK IR B Ay o B 220 67 fuf 43 B 0 0]
RER L s p [, pib plS i Ry 2% AR AL 1Y
fe /N BRI 5 p e pite s pi e S A 2R R HLBL
20 Fe R ST BRI 5 B SRy o s 2] B i) R R TR R
i FRR .
123 w3k %

(1) ZKH S BT TR,

a. SRIE I JKE AL 1 Z A
Z N KHL ) R 2R R

pitt = plti<0 (26)

b. IKESFAFZIH
LA DR S R B Z RN -

BI
wh =Y piD! (27)
j=1

XF TR PE A K B A R i S e R
LA AR, B
> wit+hl =EN (28)

Xof AR R T L T, K L R R — AR R
FpF-1, 1.

T
H,t t
w;"' +h
Z 2 ] &
t=1\i,eg,

Horft,p hy UK HLT g, WO T 500 K e

BLAL i, 75 P20 FL Rl s £V B 43 50 5K o

I AR K L
(2K & R B 200k

=E;" (29)




58] L/ AR {7 G-

%4045

K 25 BB B R B P B K i
T S HCAF R (R 3803 5 [R]I), il 7K 25 RE HL il 78— ]
391 A P B AR

W= (PR - YD, (30)

i
3

> w =0 (31)

o w!™ Rk & REHLAL i, 78 ¢ IR 20 BE 5 B2 oy
SR AR E RE LA i, K UK RCR
124 AZ%iEFHR

()T

FA AL — T 1IN (] A 2 ORI L o 1) A,
K (32) PR

DUl +pl Pl = p +pl = pit) D)+

EX'+¢-LiD!=0 (32)
v pe g o B 20 FL B R i 7E £ 3 B I HL
F s pitt by o 2 PR AL IR LA £, AR SR 23 B B0
HL 5 LAy ¢ s 220 S 07 43 Be j 1 6 fr

(2) RGEHAR,

% JEF rp R YIS AT R T e B4 AN R P R
HLJT BT R 20, RUXUH A 1), ey 1 IXUHL B R o
P EAR FEA G, U — 5 R/ LA X 6] BE A 15 31
WL B PR TE T o TEARIE DD AP AT 5L L R 45E
I HL A T8 R Y A T8 SRR RE A [ I 0 DRAF 2 A
R i) 3 A

Pl Y pl Y (i

D= X e+ pt = (L4 )L =0 (33)

o, pores Sy o B 20 B a7 43 B 1 AT PR R VR AR IR L

VIR E- Y

13 RXASRGHAREHE

1.3.1 RAAMEAHEY R
RIRAMETEN 0 A5 i AN R

[{RSREA  SE |

PS.pot
piyj ) +

g:l(u‘mm < g:‘lur,l < g;mr. max (34)
lep, ¢
P
2]
stor,t+ 1 _  HP _ stor, ¢ HP pchyt _ J t
8 =a; g™+ | B Zsi.j P D; (35)
J Yi

0 < s?;h,t < S?ch.max (36)
O < S;lf/-_p,t < S;l(',p, max (37)

S gy 20 R g g
S AR TR B s st 43 1
Ay A8l ST S B I CRE
s e SR dy R ISR R LB
" BTy S A R L
FH

BEAE , KAl SRR I IR T R B AR, b 75
WS FAR AR LA X T AR 15 it R T
s FLARA) (1) B A SCEE DY 5 4F 2R (¢,) BY Al AT
’ EI]:

de Tk

g =g (38)
o T R A T 7 7T L
AR PR A S L
B ERIR AU A, i 5 20 X (39) ¢
gz g (39)

Horpr, gt Sk e B2 R AR SRR G i A R K
132 RRAEHEAL R

ZHN B Re BRI, KRR A LR
HLH

OngG"SgC'"‘“‘ (40)

Horpr, g&m SR M SRR o
14 BAERFAREH

- ARGAH R E R ori) FEl i Rk
H s ARG =ML AR S R AR AR TR B R
GufiLah, R EL ) R G R AR R R el i I B
AR R
1.4.1 # BB AL R

MR =LA B2 1T 25 0T DL Y, 32 51 5
WO ALY SE R, B = AL i & L S R
BATR A BRI

(1) PE =L TR A

P ML & L ARG AT AT X RN 37 )
(i r NS G 1 S i e 7 SO 1 i1 NI -4 i
A R AR R TR AR A G S R FR
il o 76 LR ERA AR SERE b B B AL A H
BT T ] Fom At 2 I8 N X, 52 LB 1T

RS SR TR A A& 2 B, DA 4 S T A R 4535
B, 29 it (41)—(44) iR o
M
Pt =l Z CHNE (41)
R =Y iy (42)
m=1
M
Y =1 (43)
m=1
O<ali<1 (44)
R
i 47 [D(R*,p*) C(h,p%)
A(hl,p]) B(hz,pz)
0 BEah 5

E2 HEBERSHHEMNBRIEITXE
Fig.2 Electrothermal operating range of CHP unit



53 A

FHEN 55 2 RV R e P K T IME F R 5 y vk ®

For nEt o o it 2 P I LA £, A BT 23 B Y
BER g 5 MO PRI L B BB AT TR G o)
O o IF Z PRI LA i, A8 ST 23 B 2 m AN s
7 RS BBy 2 ) B IR P LA 1, 7

T 23 B j 5 m AN B s AT R R L )
7.

()RR HLHFE AR

PRI P LA AR T AR I 5 A FR TR A 4
NFA, AR L — oy — i &=, n=ti(45)
FioR

CHP. = . CHP (1 CHHP.1)2 b, CHP [ 7, CHP, 112
i, = (pi4,j )+ a;, (hw‘ ) +
. CHP _CHP,¢ h, CHP 7. CHP. ¢
b- Pyt b- hiw’ +
CCHP yCHP. 1 CH.s CHP , CHP. ¢
i, h d- Ui (45)

*gmdwﬁﬂﬂﬁﬁﬁm&ufﬁﬁ\&ﬂﬁ
FEAUIE 3@l " Lal M A R R IR AL i, R R
P 328 I Z B b b 43 ) Ay A R
BLEH i, HL D8 AR 3R — IR B 0 Ry R IR
PELAL i, BIRR G B d BRI LA £ R
T ZH
142 ®#HBYHR

H B ) R A2 B R TR RIS, H R
H— m%%ﬁﬂzﬂﬂ
ui i pi/suifpimm (46)
h = plim? (47)
FE st R o I 20 B AR 7R B e 0 B BOIB A TR
AL A TIB TR IBUE N 1, B IRAE S 05 psh
P gyl R H AR i Y R B R T s R
I 220 o B P s 7R TR 43 B AR 3 e i
gl s 1 L AR AR
143 BRAB/IP LR
SRR BRI i Rz B L )
B BR AL [ B ik T B R A 1 R A RO
B
S g <y g (48)
et = gtm (49)

v, g Oy o I Z R i 1 S AT 0 B B T
™! Ry o ZR R i TR T o B YIS AR,
A T A RS IBAE D 1, 5 WBUE A 05 g2
g oy S AR g B SR /N RO T s R h
If 2R i TE AT 3B BRI s et R Ul
Wi I SIFARROR

gb,t _gb,
Ui 8i,

1.4.4 M%%%%%%ﬁ

gt Zh i+ LS +ZsIh -
z 111+2gLHP1+cghzg§:.; (50)

Hrp h(plh) RIRSHLA B FE S REL L) Ol B g 53
By e .
1.45 R FE P42 R

zhCHPL_l_zhlL_l_zhglt LHI (51)

Hodr, L R g 43 B j AU

T E AR BT KR HLZE Y & R RAR il 26 12 2
A A p B B = AL (R RE S PR BT LA 40 B E
2R liad GE T, IR AT AL AL TR A B R
R (MILP) [/} 55 . H R LA Gurobi . CPLEX NG ZE AL
AR BN A B REAS i R0 Ak FHE R A 4 5 R [
FEHAS T T2 W, R AR SCR FH Gurobi 5 Rl
BRAF AR SR S

2 EHIoh

AL HEE TE B IEEE-RTS79 & 451220 g 74
W34 W5 R R 1 a(52 48D . RS AdE . 7 e
KCHLT 1K RS R 1 RS K B RE L 5 1 5 LBV
L ARCREY /S %FIAEﬂw%m%ﬂlAﬂﬂw%
;26 6 kHL / ML CREPLAE PR 3 588
%mgjﬁ@m@mmAémm%%M@ﬂzAm
H R P HILA 5 XU 345 40 DX AR, AR e ) B H o
oK A P PG AL E A SEPR G R . SR DU B
AL 67 Ay fh £ %) L g 0 ey AT A [R] s
LA SN 2 R (N SR AL R AR S (LNG) ) Y
J7 2 e RAR ST 3K e B 2 W AN s w L
MK 345, BB R RSN R IR A . AL
ZH A S HCILB S 26 A1—A6 BT RETR H 128k
LB SR 2R AT FiIFR A8,

B LA JE A B ] B, XA AR 52 A R AT is AT
A TR NIRRT 45 R A [ B, i I AN AT
P RE IR AR 52 A T TR 43 BT
2.1 E#iEGI S

i%ﬁmTu%ﬂ%%WMﬂm#%ﬁﬂJk

O C DL SRR SIS S AR, 45 540 )
TW%*@AF%%

P B SR I AL AT S BILZH ARG AE 22 HEFE 7 fir
A s W fr B, A T PR UE R G0 -, JFHILALAL 5 50
Z KB ERER.

Hor ) SR B = MILZE A9 RS AG 2 HE AR LA SR A
R E 2=, BEA TR HLALAL /D, 1 an7E 55 25 Ji #ie
BEPE AL AN S S AL 7RSS 518, Hib sl ik
F 473 MW 7K HLHLZEL ARG 16 W03 % 22 HEFE 4 F



60) ® 0 & % L B

%4045

HE—25 A MK LR B 5K L R I R
P B S v T A2 RTAL, 2 B K a0 e ) 2 R, &
Fook Kb IR 7K B LA BAGAB 28 e, 19
TE5 48 JHIE 6038 17 (/K s ALELA R 1 65 5 T 7E =
Z KM, K AL ZE R 2 TR A DA UE K L &
i,

R HETE HL A B 00 5 R, b B S A
A3 P AE B ZEIRAAMHE TR, R B RR AT SR AR,
BINTESS 26 J& , RGeS SL 55 5809 m® / h,
MR T SRA K 5780 m® / h, MR 3L KT
BRI, RGN AT AR i T, e
S, RS EIEE] 7000 m* / h, TR
fif 7416 m® / h, MRt S Y R AR A LR
ZAERTER I /AR AT IR, AR T RIS
B 110 i A TE TR AN R IR B O T R R A
K.388 m® / h kil /2 R G L A

PLT T  1—4 J 50 53K H 15 6 SR R 48
BATHISEN R AR 1R A < 15000 m’,
B2 3B R 3 17332.16897 m?, 5 4 J]
FAE S RFE R 15000 m*, AHES T3 B R E 5, i
S Y EE AR SN 3K S RN 5 TR 22 B R AR
T faf AR AN K, [ IRHE TR S ML Y o] AR
FLREAC L, A 45 TR r A2 AL B S5, D00 o5 it R
SN RGN, KSR IR G R
P4 L R 8 ()

22 ZRBERSBEHEN

FREBILE R ) RR R R G L Ae A R A
fEist i 38 47 A HEAT X EE L 45 Rk 1 s . S5k
SEARARAH L, SR AR ST 2 I R AR A6 7 vk g i 5 R
SR TFALIT X5 7 R U B AR RS
R AR H TG 7= A L2 422 B R 670 i AR5 i 1) 21
RIEWE N A E RS BEINT REMBITA

®1 WIS HEELERITE
Table 1 Result comparison between independent

optimization and collaborative optimization

feot
Al BARGERA KBRIAZGERA B
LIV YR 4 33.74 0.034 33.774
PrEEAL 33.72 0.032 33.752

23 fESENEN

3R a3 AT a0, H R 6 SR X R AR
MR 55 70N, AR 7 A5 0 B A 981 i R TE P 5 6T R
BATLVEHE RS2 38 A MOR AR AR SRR S 1R,
ST AN EE RGBT AR AL, 245 5
RN

Wil i RE A BB, AR R AR E

33.762

i B 3756 59
¥ 131x10° RN
g 000 L T - 33750 8 &
i 1.27x10° : : : 33.744

25500 26000 26500
A A R/
0 % U, - RGBT A
3 RAMRESRFTITHAMEHESHE
FEMNE L

Fig.3 Change curves of emergency purchase volume and

system operating cost vs. capacity of

annual gas storage tank

SR RGBT AN . SR T A2 BIALAL )
(A BRI, 7oA R 725 R S T, R A RYAB 1T AR
b N Sl A S Y

ASTRVE ST 2B AN TR, 1 om? it SR () i AR
24k 385~862 70" . LU FEZ 5 T 1000 m*
5] , SR S 1 A3 2R G A T AR 114 3 ARG A X
BN, A5 e A RE AR AT T, L it <
{SREME KA RGBT AR -

3 #ie

AN, T i 0] 2 HeIE R g PR s 1T
REAY 2 B rh S ] RUBE TR RGN 1, S8
THI KRR EFEZFReBIE XA R R RUEE B
PRI, AR X e WAL I Y 2R P O o BT AR A
AMZE R T KPR K PSR L ) &R
GLIcATHRHIE , 7 Hat SR SE R A7 45 RAR AR
GLisAT R DL R A AR A R . B AR ] T
RYAF BRI B L HE K HL 4 7 2R SRS
SR AEE RIS 5 R R, Sahsr i ) RARA R
GACHI L G ) RIR RGP K iz
TTREA R RGENA 1T RGBT A Tk
b K H H B TR R IR S RE 8% 92 1 25 19 Pk R TR
AN Bk (), $2 T RE VR 45 AT S

A SRS AC IR J T B SRR AR ]
A R IR A5 2 R A TR IR B D IR R B s AR OR T 2
FARRIR AW &, Z RIS RGBT &
BRI, W2 O 4 Jm B B E A

P 3% JL A M 2% & (http : / www.epae.cn) .

S 230k

(1] 2RE. ik [ 50 K98 ARk U0 i X+ [ A9 )3 75 [EB / OL.
[2019-02-14]. http:/mp.weixin.qq.com /s /L0JZnP0Oqldes1sd-
DOdeMW ,2018.

[2] #88R, EHIL, EFW, 5. ZREER Gl w)].
T E LT AR ,2016,36(14) : 3817-3828.

SHAO Chengcheng, WANG Xifan, WANG Xiuli,et al. Probe in-
to analysis and planning of multi-energy systems[J]. Procee-
dings of the CSEE,2016,36(14):3817-3828.

[3] EBIL. B RGEMMAMRI M. Jbat: AR F 7 R,



53 A

TR, 45 - ZREIR R G KM PMHs TR 5 07 ik

@

[4]

—
W
[

[6

[

[7]

(9]

[10]

[11]

[12]

[13]

[14

[

[15]

[16]

[17]

1990: 183-265.

B dud aderh i AL - RBT SR IE R B
[EB /OL]. [2019-02-14]. http: //tech.163.com /17 /1208 /
07 /D54ASA HJ00097U81.html.

T W, B VK. B IR XL B A Y S B LA AR AR TR
[J]. AT RS A311E,2010,34(19):20-24,74.

FANG Chen,XIA Qing,SUN Xin. Generation maintenance sche-
duling with significant wind power penetration [J]. Automation
of Electric Power Systems,2010,34(19):20-24,74.
e, kT, TR A e AR BRI A ZRE IR R A
WIESRE[T]. B RGH311E,2018,42(4) : 1124,

YANG Jingwei, ZHANG Ning, WANG Yi, et al. Multi-energy
system towards renewable energy accommodation: review and
prospect [J]. Automation of Electric Power Systems, 2018, 42
(4):11-24.

TROY N, FLYNN D, OMALLEY M. Multi-mode operation of
combined-cycle gas turbines with increasing wind penetration
[J]. IEEE Transactions on Power Systems,2012,27(1):484—492.
LI Y,LIU W J,SHAHIDEHPOUR M,et al. Optimal operation
strategy for integrated natural gas generating unit and power-
to-gas conversion facilities[J]. IEEE
nable Energy,2018,9(4):1870-1879.
LIU X Z,JENKINS N,WU J Z,et al. Combined analysis of
Energy Procedia, 2014, 61:

Transactions on Sustai-

electricity and heat networks [J].
155-159.

WK A, SRT 55 K RERL 5 XU RS I LIE 1T
AR L], IR SEF Bk, 2013,37(1) - 149-154.
XU Fei, CHEN Lei, JIN Heping,et al. Modeling and applica-
tion analysis of optimal joint operation of pumped storage
power station and wind power [J]. Automation of Electric
Power Systems,2013,37(1):149-154.

HE Y B, SHAHIDEHPOUR M,LI Z Y,et al. Robust cons-
trained operation of integrated electricity-natural gas system
considering distributed natural gas storage[J]. IEEE Tran-
sactions on Sustainable Energy,2018,9(3):1061-1071.
OJEDA-ESTEYBAR D M,RUBIO-BARROS R G,VARGAS A.
Integrated operational planning of hydrothermal power and
natural gas systems with large scale storages[J]. Journal of
Modern Power Systems and Clean Energy,2017,5(3):299-313.
PR AR, AL AF L 25 UL I 2 IR G 2R G U
PEOLACIEELT]. T A kB4, 2018,38(7) 1 74-81.

CUI Xue,ZOU Chenlu, WANG Heng, et al. Source and load
coordinative optimal dispatching of combined heat and power
system considering wind power accommodation[J]. Electric
Power Automation Equipment,2018,38(7):74-81.
UNSIHUAY-VILA C, MARANGON-LIMA J W,DE SOUZA A
C Z,et al. A model to long-term, multiarea, multistage , and
integrated expansion planning of electricity and natural gas
systems[]]. IEEE Transactions on Power Systcms,2010,25(2):
1154-1168.

MEZA J L C,YILDIRIM M B,MASUD A S M. A model for
the multiperiod multiobjective power generation expansion pro-
blem[J]. IEEE Transactions on Power Systems,2007,22(2):
871-878.

HU Y,BIE Z H,DING T,et al. An NSGA-Il based multi-
objective optimization for combined gas and electricity network
expansion planning[J]. Applied Energy,2016,167:280-293.
SREEE B, DR, 4. BT AL AR Y - B
HRER RSN 1], # Ty A s ik ise 4% ,2018,38(9)
121-128.

ZHANG Side, HU Wei, WEI Zhinong, et al. Stochastic opti-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

mal power flow of integrated power and gas energy system
based on chance-constrained programming[J]. Electric Power
Automation Equipment,2018,38(9):121-128.

UNSIHUAY C,MARANGON-LIMA J W,DE SOUZA A C Z.
Short-term operation planning of integrated hydrothermal and
natural gas systems [C]//2007 IEEE Lausanne Power Tech.
Lausanne, Switzerland : IEEE, 2007 : 1410-1416.

TR S R, 45 BET REIRARZ AR 1Y DXCREE B B IR R 5L
SHERAIHEELT]. M) A3 i ,2017,37(6) : 171-178.
HAO Ran, Al Qian,ZHU Yuchao, et al. Hierarchical optimal
dispatch based on energy hub for regional integrated energy
system[J . Electric Power Automation Equipment,2017,37(6) :
171-178.

SHAHIDEHPOUR M, FU Y, WIEDMAN T. Impact of natural
gas Infrastructure on electric power systems [Jl.
of the IEEE,2005,93(5):1042-1056.
INEK, HE G, BBPOR . 2 RE T AE &4 BT 50 - PR 5 e B2
(3], &5 3h1K,2016,40(15) : 1-8,16.

SUN Hongbin, PAN Zhaoguang, GUO Qinglai. Energy manage-
ment for multi-energy flow:challenges and prospects[J]. Auto-
mation of Electric Power Systems,2016,40(15):1-8,16.
FESC, XUTTAL, FR0THEL, 5 . B RETL AN X IRER A REIH R L
ZAfREL I E )], My A Sk ,2019,39(1):118-126.
XIONG Wen, LIU Yuquan, SU Wanhuang, et al. Optimal con-

figuration of multi-energy storage in regional integrated ener-

Proceedings

gy system considering multi-energy complementation[J]. Elec-
tric Power Automation Equipment,2019,39(1):118-126.
ADAMEK F,ARNOLD M,ANDERSSON G. On decisive storage
parameters for minimizing energy supply costs in multicarrier
energy systems[J]. IEEE Transactions on Sustainable Energy,
2014,5(1):102-109.

HRR BRI es , XIE R 45 . &l p AR R UM 72 A -1l 2k
TP EOE S 2= ], d ) A s kB4, 2017,37(6) -
275-281.

GAN Lin,CHEN Yuwei, LIU Yuquan,et al. Coordinative opti-
mization of multiple energy flows for microgrid with rene-
wable energy resources and case study[J]. Electric Power Au-
tomation Equipment,2017,37(6):275-281.

SUBCOMMITTEE P. IEEE reliability test system [J]. IEEE
Transactions on Power Apparatus and Systems, 1979, PAS-98
(6):2047-2054.

WANG S J,SHAHIDEHPOUR S M, KIRSCHEN D S, et al
Short-term generation scheduling with transmission and envi-
ronmental constraints using an augmented Lagrangian relaxation
[J]. IEEE Transactions on Power Systems,1995,10(3):1294-
1301.

&I

EHAH(1995—), %, 7T & REA,
AT, LRI @A FHEAK
1531247 (E-mail:xjtuyananwang@163.com ) ;

AR (1989—), B W R R EA,HHIT,
W, TR F QT A LRI M EAT
5% #& & M (E-mail : ccshao@xjtu.edu.cn) ;

R AE (1995 —) , %, LA, A F
A, ZEFRT@ARN ZRGAR 52

EHAS
47 (E-mail : 2058842095@qq.com) .

(w38 &)
(F#% 75R continued on page 75)



E3H B S5 DIC L O XUBS: RS2 RE ) 22 e 69 1R 4R LA T i ®

Grid planning method considering difference in risk bearing capacity among
regional distribution networks
XTAO Bai',GUO Bei*,JI Shuai’,SHI Yonggang®,JTIAO Mingxi’, WANG Yao’,SUN Degiang®
(1. School of Electrical Engineering,Northeast Electric Power University,Jilin 132012, China;
2. Changchun Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,Changchun 130021, China;
3. Siping Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,Siping 136000, China;
4. Tonghua Power Supply Company,State Grid Jilin Electric Power Co.,Ltd.,Tonghua 134001, China)

Abstract: Aiming at the problems that the difference among township regional distribution networks and the
large fluctuation of township area load are generally not considered in distribution network transformation
projects, the chance constrained programming theory is introduced, and a grid planning method that takes
the load uncertainty and the difference in risk bearing capacity among regional distribution networks into
account is presented. Firstly,the load uncertainty model is established by the nonparametric kernel density
estimation method. Secondly, considering the difference in risk bearing capacity among different township
regional distribution networks, the risk bearing capacity evaluation index system is established according to
the characteristics of township regional distribution network,then the risk bearing capacity is evaluated by
the combined weight method. Finally,the chance constrained programming model of line upgrading is estab-
lished, and confidence level of the model is selected based on the previous assessment results,to determine
the type of upgraded lines. Example analysis shows that the proposed method can improve the refinement
level of planning, and harmonize the risk bearing capacity with investment cost to some extent, so that
enhancing the adaptability of grid planning scheme.

Key words: distribution network; grid planning; combined weight method;risk assessment; chance constrained

programming
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Medium- and long-term coordinated operation model and method for

multi-energy system
WANG Yanan,SHAO Chengcheng, FENG Chenjia, WANG Xiuli, WANG Xifan
(State Key Laboratory of Electrical Insulation and Power Equipment,Xi’an Jiaotong University,Xi’an 710049, China)

Abstract: Medium- and long-term operation is an important part of power system operation,which can effec-
tively deal with the seasonal contradiction of energy supply. In view of the increasing coupling among mul-
tiple energy forms,such as electric power, natural gas,and so on,a medium- and long-term operation model
and method for multi-energy system are proposed. Considering the seasonal characteristics of renewable energy,
the fluctuations of natural gas price and the system operation constraints, the weekly operation model of
multi-energy system is established, and the annual unit maintenance plan,the power distribution of hydro-
power and the purchase and storage plan of natural gas are optimized uniformly. Taking the adapted TEEE-
RTS79 system as an example,the correctness and validity of the proposed model and method are analyzed
and verified. The results show that the coordinated arrangement of the medium- and long-term operation for
multi-energy system can give play to the complementary benefits of different energy forms and improve the
system’s operation economy. The introduction of gas storage device can relieve the air supply tension in
winter and reduce the system’s operation cost.

Key words: medium- and long-term operation; multi-energy system;unit maintenance;fuel planning;coordinated

operation ; models
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Table A1 Natural gas load

AW FAf/(mdhty | R S/ (mi ety | R FAe/(mi bt | R Fde/(mieht)

1 5303.08 14 3982.55 27 3521.33 40 4104.87

2 5346.11 15 3971.38 28 3501.43 41 4285.42

3 5385.23 16 3952.44 29 3368.31 42 431521

4 5402.21 17 3975.21 30 3359.92 43 4435.42

5 5508.42 18 3973.55 31 3364.33 44 4518.97

6 5448.67 19 3968.53 32 3408.31 45 4899.24

7 5487.42 20 3957.32 33 3579.44 46 5050.44

8 5508.42 21 3825.42 34 3669.33 47 5180.52

9 5023.50 22 3802.33 35 3749.76 48 5234.23

10 5019.45 23 3800.54 36 3795.99 49 5249.09

11 4900.35 24 3782.43 37 3952.83 50 5303.08

12 4719.50 25 3601.33 38 4002.34 51 5318.98

13 4087.44 26 3538.25 39 4093.98 52 5385.47

% A2 FABE
Table A2 Thermal load
AT /MW AT /MW
JAW JERYN

B 1 B2 B3 B 4 B B 2 B3 B4
1 530.51 503.98 450.93 397.88 27 349.29 331.82 296.89 261.96
2 528.34 501.92 449.09 396.25 28 345.83 328.54 293.96 259.37
3 52231 496.19 443.96 391.73 29 338.90 321.96 288.07 254.18
4 539.33 512.36 458.43 404.50 30 335.89 319.10 285.51 251.92
5 552.84 525.20 469.92 414.63 31 337.29 320.43 286.70 252.97
6 546.92 519.58 464.88 410.19 32 340.83 323.79 289.71 255.62
7 533.80 507.11 453.73 400.35 33 359.49 341.52 305.57 269.62
8 529.73 503.25 450.27 397.30 34 366.93 348.59 311.89 275.20
9 518.85 492.91 441.02 389.14 35 369.79 351.30 314.32 277.35
10 510.95 485.40 43431 383.21 36 373.89 355.20 317.81 280.42
11 495.75 470.96 421.39 371.81 37 389.39 369.92 330.98 292.05
12 483.59 459.41 411.05 362.69 38 395.28 375.52 335.99 296.46
13 417.36 396.49 354.76 313.02 39 405.43 385.16 344.61 304.07
14 408.14 387.73 346.92 306.10 40 426.63 405.30 362.63 319.97
15 400.28 380.26 340.23 300.21 41 431.52 409.94 366.79 323.64
16 397.14 377.28 337.57 297.85 42 438.93 416.98 373.09 329.20
17 396.87 377.03 337.34 297.65 43 441.65 419.57 375.40 331.24
18 395.63 375.85 336.28 296.72 44 446.52 424.19 379.54 334.89
19 393.83 374.14 334.76 295.37 45 505.02 479.77 429.27 378.77
20 390.53 371.01 331.95 292.90 46 513.40 487.73 436.39 385.05
21 385.67 366.38 327.82 289.25 47 515.33 489.56 438.03 386.50
22 382.54 363.41 325.16 286.91 48 514.70 488.97 437.50 386.03
23 380.27 361.26 323.23 285.20 49 518.44 492.52 440.68 388.83
24 379.37 360.40 322.46 284.53 50 535.31 508.54 455.01 401.48
25 363.83 345.63 309.25 272.87 51 526.48 500.16 447.51 394.86
26 353.53 335.85 300.50 265.15 52 530.31 503.79 450.76 397.73
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Table A3 Parameters of pumped storage units

HWKERENLE  KREAER/(MW-h)  HUKAE/(MW-h)  KHERE KSR MBRgs A

1 100 100 0.9 0.9 3
2 100 100 0.9 0.9 3
3 100 100 0.9 0.9 3
4 100 100 0.9 0.9 3

xR A4 HEBEFHIENAHTEIISER

Table A4 Feasible region vertex information of cogeneration unit

Wit ftRd /MW MW | TR gt MW R DI /MW
A 5 98.8 c 180 215
B 104.8 81 D 2 247

F=AS BRRIPESH

Table A5 Parameters of electric boiler

BRI /MW N E /MW pg
60 0 0.95

& A6 RRIBIFESH
Table A6 Parameters of gas-fired boiler

BRA BKDIRMW  B/NE/MW LiES
1 100 0 0.98

2 100 0 0.98
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Table A7 Output power of renewable energy

HHimMw H /MW
R/ H K
B B2 B3 7B 4 7Bl B2 B3 B4
1 92.50 93.44 66.35 45.50 27 70.04 86.33 57.07 53.62
2 107.34 95.10 76.53 52.18 28 89.97 92.00 77.51 67.50
3 117.35 103.94 94.70 63.29 29 116.86 111.37 97.91 104.74
4 110.32 109.73 101.96 58.83 30 108.32 97.87 104.46 95.77
5 77.37 7234 71.69 66.59 31 84.14 119.17 109.21 93.82
6 125.67 103.96 103.47 78.22 32 67.92 75.53 85.70 97.03
7 159.78 134.71 80.77 100.82 33 113.65 114.35 89.29 105.93
8 99.92 88.07 72.47 89.54 34 96.54 96.67 86.90 74.48
9 131.79 133.27 100.21 71.02 35 61.12 65.10 51.46 48.19
10 133.36 137.70 138.02 166.06 36 113.79 99.57 87.88 77.25
11 121.37 108.84 98.17 112.24 37 102.01 7225 100.75 90.77
12 81.48 72.56 67.60 95.24 38 121.84 117.30 107.95 92.03
13 144.62 156.01 118.72 152.54 39 141.86 122.03 110.95 88.59
14 104.64 101.22 105.66 89.61 40 119.39 114.48 111.96 102.69
15 102.96 113.49 137.13 165.00 41 89.69 89.82 77.61 87.28
16 138.25 155.79 132.63 115.30 42 58.98 46.44 31.56 28.14
17 114.00 125.00 108.58 97.80 43 77.74 64.15 3321 29.51
18 79.73 74.41 47.71 64.17 44 65.51 70.11 40.39 35.22
19 144.15 146.22 137.98 113.70 45 92.00 74.98 51.49 39.46
20 103.26 92.86 68.81 78.30 46 72.43 57.68 39.14 14.33
21 110.07 108.65 145.54 111.83 47 34.20 26.57 26.43 13.61
22 126.20 102.78 76.42 94.42 48 36.74 26.21 27.07 5.00
23 109.35 95.61 90.45 119.46 49 60.56 49.07 39.06 11.68
24 68.14 64.49 46.71 79.43 50 41.18 34.57 27.21 6.42
25 112.92 126.36 103.20 117.79 51 53.80 42.67 38.79 13.40
26 115.35 123.08 117.72 83.30 52 74.79 56.42 47.93 11.93
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Table A8 Capacity of renewable energy
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Fig.A1 Maximum load and maintenance capacity

HL /(MW -h) HL /(MW -h)
JAR JE R
B B2 B3 7B 4 7Bl B2 B3 B4
1 5480.45  5430.18  4477.92  3434.77 27 3827.49  5697.60  4930.35  4558.07
2 614476  5868.92  4705.15  3309.20 28 5697.52  5991.33  5617.56  3961.41
3 6834.37 630456  5960.59  4866.06 29 587242  6167.38  6337.18  6485.99
4 6383.87  6589.91  6468.74  3295.69 30 6537.45  6179.92  6149.03  5098.23
5 532494  4979.11  4934.65  4178.19 31 4658.18  6476.96 677541  5824.82
6 7764.81  7027.60  6893.11  4651.57 32 3741.70  4408.56 500427  6509.76
7 783437  7300.04  6297.72  5876.55 33 6592.06  6420.68  5686.54  6625.90
8 597826  6071.00  5321.54  5578.18 34 5976.62  6433.31 566237  5183.55
9 7160.89  7071.39 582698  4469.61 35 4640.17  4940.65 425393  4156.38
10 768427  8259.95  7716.68  8675.37 36 6613.13  5693.72 602525  6027.20
11 704326 690030 596239  6735.41 37 6034.69  4917.42  6004.57  5416.74
12 5550.76  5109.40  4822.60  5971.39 38 6215.11  6520.74  6233.16  5448.80
13 7815.72 905595  8033.92  9558.71 39 7956.41 762920 640223  5261.48
14 563325  6180.07  6306.08  5644.00 40 6691.81 644449 682031  6087.96
15 6012.72  7305.12 816525  8243.90 41 5601.97  6200.48 522675  4930.71
16 8027.00  8290.60  7509.54  8095.21 42 5006.64  3421.08  2611.26  2946.42
17 572345  6597.87  6243.64  6672.14 43 5168.10  4552.97  2663.07  2235.98
18 478778  4585.69  3703.91  4129.69 44 424239  4711.06  3109.85  3066.09
19 8100.88  8240.18  7683.87  6347.85 45 535822 495226 362422  2585.92
20 5619.38  5712.93  4668.79  4598.88 46 3726.04  3165.16  2440.03  1535.83
21 6308.44  6883.59  8143.00  7224.55 47 181322 1824.35 183636  1465.10
22 712246 6195.52  4337.95  4933.29 48 2894.41  2377.73 259535  1573.06
23 6439.75  5874.45  5917.13  7003.06 49 3778.11 327297 285049  1202.57
24 4113.83  4471.88  4847.73  5573.43 50 2816.56 274770 254937  2159.59
25 5813.72 653149 628552  6978.06 51 2906.23 266576  2418.34  2209.56
26 6540.05  7723.47  7299.13  5249.03 52 4237.82 392572 3855.16 254824
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