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Game optimisation strategies for electricity and heat integrated energy
systems accounting for user demand response

PENG Shuang', YANG Renzeng’, HE Wang’

(1 College of Electrical Engineering, Guizhou University, Guiyang 550025, China;
2 Key Laboratory of Electric Big Data of Guizhou, Guizhou Institute of Technology, Guiyang 550003, China;
3 Bijie Power Supply Bureau of Guizhou Power Grid Co. , Ltd, Bijie 550081, Guizhou, China)

Abstract: This paper proposes a two —layer collaborative optimization model for demand responsive electric heating integrated
energy systems based on evolutionary games because traditional centralized optimization methods struggle to reveal the interaction
between multiple agents and the game relationship between integrated energy operators and users needs further exploration. The
integrated energy system with electric heating gas is first modeled for interactive optimization. While the lower level user groups
modify their energy consumption tactics and report them to the operators, the top level operators communicate energy sales prices to
consumers. The operators respond to consumer comments and modify the cost of energy supply. Until a game equilibrium is
established, each player tries to maximize their own interests. Finally, a two-layer collaborative optimization model —Ant Lion
Optimization Algorithm and YALMIP+GUROBI Optimization Package—was used to solve in the MATLAB environment, showing
that this operating strategy can enhance the social welfare of the comprehensive energy system. The analysis used an actual industrial
park in China as the example.

Key words: integrated energy system; demand response; evolutionary game; pricing strategy; Ant Lion algorithm

0 3| = (IEHS) 55 IHBEIRAHS & , B 2 25 REURTH 2%

LA BRI S S R G TR

Wi e PRAEIH TR AR WIEE T IR eIl A PLEE AR IR, 42 = R 4tia & i AUH P 1E TEHS
WA HOR B Y, I, B SRR RS MG, BAERE X,

BT SNERHHES (BFHE LN 20181068) .

EEEN: 2 3 (1998—) 9 Wi-LWF5 A, RIS A REIR R G T HE(1998—) , 53, Wi-LWFoe A, B8 T ) . £ 05 )
AR

BEEE: B (1971—) B B4 B, FEOE TR PR S MIE T 5] . Email: yangrze@ foxmail. com,

Wi B 2023-07-27 % 4 o2 Ik % 2 2 A P




124 oo ®m M5 M OH

ERRES

TERGERIFET N EES 5 ZARIER
%51z E T (IEHSO) 5 H P Z M THFE 58— 2 34
M= s E RS R Z R AR S,
ATRVA R R A AR 2 E X TEHSO 1)
A M AL B UEAT T IR AT, sk
P2 T TEHSO 25 e HE 508 3L ) T 2R e Ak 4]
JEBIR BN T R )RR AU IEHSO W& i fk
B JEf A I 1) e 50k SE L 1 i B AL 4 4%
s, EUEEET I T KU & R R
JEPEFN L3 Z 6] AR DG, JF 57 T TIEHSO B
W BEREALOC ALY | [A) i 25 i T R A% . YANG
S8 e TEHSO BT s fEHL , 300 FH AR A R 1
ZERERI AR AR IEHSO Z R )54 K&

FIRSCERBFSE T TEHSO Y35 47 B i 3438
S ABBESE £ EAE T FOR[R] IEHSO 2 [a] #3554 ¢
2 RDA LT IEHSO 5 H U M 22 8] 1) 5.3 5%
R, AT 2 ok 2h 28 TR [ Y —Fh oy
2, AL TR A BRBME 24, P B AT
AT B, AR ESR IS B R IR TR A i
PETEZEHLE] AR AL R R i S ) R 2
ST X ER G REIR RGN TR BT AR R TR
RIGHH , FE LR G BRI RS2 5 IR

HEE R S R R A BRI R AT
PR AR RIS TR A , X 2 U B AT A B AL 0 B
SEPL T AR R A BRI AR R IR A8 D AR
ARG IRR T IO AL LR R il 11 RS0
54 /By LB T o T o L o = R 228 e = A RN )
PERE W SCPRE ) R MBI FZET A S E L,
R RAE R A R A — 26 R AE R
Sk R L IAZE A BB R g D

R, AR SCEEST. T — AN sl AR A 118 3 Ak i 2 A
A, FERIRI | )2 R ) P PR B RR A A 1T
T T D g AT e F B e A 1 HL £
fap FRYB A AR far ke ] iz E R SE Rt, IBE RS
FRAE P R ok IR R L BB A%, LSC IR 28
R 2553025 o KAk, FF L1 BR B 04 T8 2% 4 Tl e K
b, B A SR B TA R4t e BB R R RS E
R SR FH RUZ D[R] A Al A R — 0 s i £ f 59k
F1 YALMIP+GUROBI k42", 7F MATLAB Ff 55
W HEA TSR, LA SEBR IR B | 2R & ] LA R
A RE TR AR N AT FE I RCR

1 BREGRERSREY

IEHS ZGEHNAH —Fh 2 )2 A BE IR » Bo i, 1

KRR RRELL S HAL Z R REIR ARG &, 1R = RE TR
FIRZCE, BENE PR 2R RR IR LR -6 ff
AR P H RN AR SCRE T 5 5 SR e 1 )
IEHS HEZL, W&l 1 Fos

EENTIE EER 3k SHBR
HL M
[, R R A
etk BRI
fiti e
Pt
K
ik FRALIR R
et SR ) S
H L A fif

1 IEHS %43
Fig. 1 Structure of IEHS

IEHS AYRETR /PO A 45 B AE URE LA S At
ZRREIR . TEIX PP RE IR 2> BCAC T A IR ™ 2
(CHP) FURSH YT (GB) W RE b M F2 4t 7l
RAEBERTH S BRI, BEREAR SIS CHP
1 GB, fESE B HL A BB R XA i sh 7, CHP i
BAL(GT) AHHRY(WHB) 40, 184757 oA
iR, T LUARAIE R GEAAN ] TR B IE AT 5 B
ERE (ES) A PAGRE (HS ) 43 51 75 =y I I it 7 E
TRAS PR RE &, 5 H AR R ep R AT RE S8 4k,
K1 DR AR RE 5 A R i /D 17 38028 Ak, AT A 3]
Wl R AT 1Y H Y R I RE RS 19 4 1 78 T
1.1 PAEENE

P I P HLZH R AL (GT) A B
(WHB) 4%, Hfa ey BaR an .

QGT,[ = a(P(;T.:)Z + bPGT,t + cKgr,
{HCT,f =Ger, Ner

Hyy, = Her, * My (2)
S, Py, Hep, 44 B0 SR BLAG 6 th 480
R, Qer, NIRTEALBIE AN TIR, ni, AR EEHL
AR RBCR , K, WA TERPLEIT RS, 2 0~ 1
AR a b IR IAS REL, Hyyy, AR

WA BRI g RIS

(D)



514 L2 N R O VAl LGN i oty A e i i 125

1.2 BRI
BB (GB) PR AN
He, = T(;BQ(;B,z (3)
0 <Hgy <Hg (4)
s Hey, AR 105 IR, Qg IR
BP YA IR, 1oy MR AOR
Hey o IR BRI
1.3 SHXEENA
o3 A REIEALLE , Ho b L5 XUBL K BH AE & FL AL
AT, H T XURE & F A8 R 1 R AT B9 RE D A S B
R H R IR T U, AT
Pyr, <Py (5)
Pyy, <SPy (6)
T, Py, Pr e S50 ¢ 420 RS2 L A
WU ST, Py, Py o 42510 £ ARG 520 1A
M
1.4 ZErith
H T XUH, B 2 A 0 AR P | 35 P Tt T A B £
W SR ) B, A Ry s IR VR C RO Sl B T B, &
P T i B 7 e T TS AR RN T

e PEES.dis
P = (1 =) B+ 8prsing, S0 bar(7)

8 M, ais H
e B B o AERERAE A i, w S E
GUE IR S N A & Do D= R 2y
N GERvIE
1.5 fEHE#
it PRE S — i T A AN AT FABE B 5045, H
fift AR S AT R Z A ER R R R

H
Sl+l = (1 - )\lnss)St + (HinTin - OUI) AT (8)

oul

P S, B PRELE T ¢ B AORE PR | A 9 FAGE
BUREL, H, H,, Ko7, 7, 53 500 R Gl RHE i A

2 IEHSO ZhiSEMEIEER
2.1 EETW(IEHSO) 3
TEHSO #3325 A 43 A 4k L ) 7y 32 47 47 250 1 £
far I (R 75 SR BESE T M AS BUK , B 7R SC BB AR R 2 0%
BEs, AR .
T
maxfpuso = 2 (Csell,l - Cbuy,l - Cup,t - CGT—GBJ)

(9)
Xof TORERTBE (24 h) , ., RS B BE
M AERRIC A, C,,, AMWBERA, C,, , WA IZ YL

ZI:, CGT—CB,{ ygi%*i)ﬁzlg,%%%ﬂu?!
1) fiLRBISA
Csell,t = (Pl,tc:,t + Hl,tc.}s-l,t)At (10)
AP A IR, P, FUH, , 5350000 ¢ B2 T
M e, BRI, oo, Al el G0l oR o I 2 B 45
FP R (H5) RESTA% .
2) W HERAS
CBuy = z (Pgb,tcgh,z - Pgs,tC;s,[) (11>
A P, P A A G R e )
B, eyl AN o I A R L
3)EAEHA C,
C,=2 2C.l P, I A (12)

t=1 i=1

A 01,2,3,4 9 RURERRAL DEIR E Rt i
P, €, B i RN LE A, P, B i 1Y
1,
4) BRRHAS Cliy
Cor-cp = a(’,(PG'l',t)z +b,Pg, +e, +
ah(HCB,p>2 +b,Hey, +c, (13)
a,,b,,c,(a,,by,,c.) AEEHL(Fb) YA
R N TR S MY, ik IEHS /Y&
REMT AR T T 3 0 s, WU 0 2 B 295K
Cau <€, < C (14)
Chins < € < Clna (15)
T i Gl 77 01 A B RE F AR B 155 1 4% R
il
2.2 FRmoRzEE
AR T ] By R A 22 A B B e, S X
SR TR 0 2 (CL) Anl & 3l 8 (SL) . M
AT
1) AT 67 2k
CL W] LAiE i He % DR Rij S5 A i A A2 Al ok ke
Je R RRAR A BT X7 % AT LT oK
PERE MR R I MR AT
AP /P!,
pE (16)
Y Aw/w
X AP, Jy DR 5 ¢ BEZIA w8k, Py, A o
2RI IR AT, A, S ds KWL IR 220 H A 28 1k
i, ow) kB
DR J& ¢ I 20 a] sk 6 fr A2 Ak AP, , AT

;24 T - 1T9x
AP, =P, §3 K, (1) 0 (17)
B 0 H

J




126 oo ®m M5 M OH

ERRES

A PO, o WZIRIG AT R A B, K, (1))
o CL WA RS R, XS AW ) b j I H
o

2) A% Bl i 4y

TEHSO $2AL A il e A%t A D e, Fe /e P AR 3
RN RSN A B 7oK TE4R E B0 O RS N R
1 UEE N B A 97 Ao B B 28 A A w14 Ff B, DA TG 52 B
ST SR 14 B e
2.3 fHfEEE

A5 TEHSO $2 4 i 5 A0 ks, 1Ak A B a
PR, DL IR T A e 7% v ) AR AR A
Feo HARREUS AT RE M B 55 1 2 5 00 ) Ay, RV a o
A8 e FH P RS R BOR AR BE TR AR, FL AR Bl an
¥

T
maxf,, ., = >, [f,, = (P, +H ') At (18)
t=1

A, P ISR pR 8, 2 JH P R T EL
AT T, 0 R Dl PR
a, )

- ?(Hl,;) (19)
S v, o, oy, 5B RE S AR 9
B, R PRI TR Y

TH 338 B L B il LA A P2 — 2R R E /Y
(FL) , 75 —J n] LUl i 98 42 sl B ok e 1y, B
RFEIRAE

a(‘
f;L,z = UePl,t - E(Pl,l) : + thl,t

P,,=P,, +AP,, + AP, (20)
el Py o 2R 9 7
SRR A A A R R ¢ [T B g AT )
AR AR PR
H, =H, +AH,, (21)

e Hy, A o 200 P SR AR o 1 ] 5 #A A7 e, H
AT LA 3 9 FH P 0 T 3 B RN A B 7T A R BRI A
ffar, NITTA BT RER H Y, L AH,, FoR ., RSBl
THI T ST LA 200K
0<AH, <AH, .., (22)
L AH R0 B 2T R B A T R R PR
2.4 ENIEFEERER
WKl 2 itz IEHSO (198 GE U6 K 52 i H] P 1Y
HL P RER, RIS, T A s RE IR T RE s 5
M) IEHSO M5EHr . ASSCHE TEHSO 708 B2, 454
Gt s R ER S RS ML R S b b Ty BRI, DA A
KA A BRI R B, #ilE ISE G s s T 245
P U8 TEHSO 28 5 A {5 B , i R AR TH
THEF A B bR, P HBER I, TEHSO Hid4 H -

(4 B 5 PR IR BE R IR AL S s, AT T — IR 8%

TEHS 32 5 7 fe P i il
Bk Wit i
AR S LA A SRR IL

RS S
R
i
TR
JH P I R B

EEIIEE £ P IESTIN
ARtk T L SR T RS HL SR T |
I AR B

BB S ikt AL REEN
B2 REUEERRE
Fig. 2 Evolutionary game strategy
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Fig. 3 Electric heating load and scenery combination
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