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Economic optimization model of a load aggregator based on the multi-agent Stackelberg game
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(1. College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. Shanghai Key Laboratory of Smart Grid Demand Response, Shanghai 200063, China)

Abstract: In the future electricity market environment there will be many demands for economic optimal scheduling from
different interested parties. Thus, based on the price-based demand response and the Stackelberg game, an economic
optimization model is proposed to: maximize the economic benefits of the load aggregator; minimize the electricity costs
of electric vehicles and air conditioners; maximize the economic benefits for the distributed generation operator. The Nash
equilibrium can be achieved by optimizing the electricity price information released by the load aggregator, adjusting the
respective electricity consumption strategies of electric vehicles and air conditioners, and changing the electricity sales
strategies of the distributed generation operator. The simulation results show that the proposed model can optimize the
economy of each subject, reduce the load peak valley difference and improve the utilization rate of renewable energy.
This work is supported by the National Key Research and Development Program of China (No. 2017YFB0903400).
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Fig. 1 System structure diagram

2 HEERBEN
2.1 BENREREE
A LLEA ZE N M (Vehicle-to-grid, V2G)If g
R BRI AR R, A DTE AT b B 4
PIRB RS . REBENAER A BT N2 HAT
DR ELRRE. BN BB A RSN, ATAE RN
O B 1) [R] Y PN (P AT R B AT e . RRRA SR
AV MBI 7RO, HENRE R 12
5 fif B RZ5 (State of Charge, SOC) 5 R WL SCHR[20] -
KR B EREE B iR R FE S
5 5 SR 87 (R SRR S B ARV o N AT I P ARV

I S7 G = AEV2,
VR A k AT = 2BV a] LR R A
1 SeY, =90%
SEV
EV1 _ lea,k
b =150% other (1)
0 S5\ =<(20%+ Sy,

At SEY RaREE K AR 4 R HL M 1) SOC;

Swk T K AHIENIR G HAT I AT SOC.
FLBNTG kR SCH I B T R

CfV _CkEV,min

EV,max EV,min
Ck - Ck

A2 =1~ @

At CF RRHBIAFIBATHA ; CVm™ R ™



-32- Y EE X T EE S

RN R B R RRESHR R f/his
AT AR o

HLBRZE T = ABY () Fm
K

EV,1 EV,2
iw:;uk+4 ) o

2K

R BTG AT S S S i RO
FORHBNRER TR . S KRG .
2.2 TEHEE

ALK RGBS 5 F RIS, A
JLSCHR[6].

Xof 2 R AT DI T e R 0 BE TRV
RIS A e 7 NS D%, 2 5% K
Wi o AR SRR R A iR 2 5
7 SR L R R, K S R AAC A iR
TR GRS R AAC2,

ARG NR IR N A 515 5% 5 1N A&7 38 o
e hr(Predicted Mean Vote, PMV) & 25 1 FH 7 Xt
=N EEREEE. PMV iFE AR R,

3.76(T, -T,)
lopy _2.43——M0(ICI T00) 4)
A ToRIRENIRE: T RREIREE: Mo &R
N 1o R IREEAFH

PMV A lemv 5 NEREZ 58 R ANEE 1 FR .
bk 1SO7730 FEH lpwv 7E+0.5 1, AMTGIES
TR, (GB 50019-2016 SRREIE X5 2= S 1 ik
THREY B lewv BT £ L VEHIN, WREEFANE
TR

R 1 lemv EAREFEEXR
Table 1 Relationship between lpmv and human
body temperature comfort

lpmv -3 -2 -1 0 1 2 3
AN A o B &R BRSO B

IR 1 Bl I M 0@4) 70 S emy
0.5, 0.5, 1. -1 WX M = IR FEIA S 0™ L 6%
O™ IOV AR i AR Bt IR o W]
TKowN

1 0-'<0, <"
H.f
1—k%i7;?—l oM <g <o
Tt/,_\ic _ o™ ©)
el
1-—= 0 <6, ,<0""
eL,f ti
0 et,ithLvs’TtHysget,i

grbprik, AT T R B R BLR

N
it (6)

M—|

AC1 _
,11 =
t

1
?
WA T SO E NS 5 RN R R R
JSZHT J& P RS AR B, i (7) s

C ACh
—Ri

T A )
/11AC'2 =1- zl ptLA = PAC*' (7)
t= i

At RICP M RLC M FR M TR t N %2
i R R S A pt RO t I
i 3R B R0 SR A7 6 LA

gi b, PR 22 @R,

(ﬂ/AC,l +/fLAC,2)

|
//LAC — =l 8
TR (8)

YA IR BT P S R R, R
SR NI SCH KPR R

3 ZEHEENEFHFRE

3.1 BEMMMER
1) sy 3R e A A A
Xt B A B TR S AR

I
2N

max P* =" —Cc* 9)
ILA :CAC +CEV,C +CLOad +CEV,P (10)
CLA — IDGO,l +CG +CEV,D (11)

A PARORIUT R ARt 17 fIC 73
FR A R AT R Rl SRR, CAC R
AN AR CRVC IR MBIV AR AR
CH FORNITE A I L AT s CPVP FoR sy e
ARSI s 1 P90 FRoR i pir IR g A A s s
T R LA s € 2o SR 5 M R I 1 Y R
A CRYP R BBl A s .

WIAE G fif N2 5 RN, DAL 52 73 I F A7 I
HL, A

CLoad — Z Rbase p1 (12)

s PP IR t I BRI S s peor t i Bl
LT

WA )& A 2 S BORER EE PAERH
I BN TSR, FETE R TE AN N BOBT REUE 5 10 1
i RE TSN L, N7 R S R ietT
JAS . DRI, A7 SR T A R 55 A O LRI B
BRI SRR, AR, RSz st
REIAETT AT, SIS R BT,
GG R G R A s A ANAEAE, AN KA



S RN St I A e - 33 -

AR, RVFHRZNIEAEZN BT, Baliig:
G RAN

T
CEV,P — ZAREV,C ptP (13)
t=1
PtEV,C* _ PtPV + PtWT + RESS + PtEV,D _ Ptbase _ PtAC (14)
PEV,C _ PEV,C,max PEV,C PEV,C,max
ARTE =1 t EV.C EV.C (15)
0 REve< pEvons
pr =1.1p° (16)

A W“%ﬁ%ﬁﬁiﬁﬁﬁ%;AW”%%

PRSI A P FR A IE T
SN pti% T p® BRAMER
47 MEE DO D L ERLAAY
AR A g A g
CG=Zprf (17)

ﬁ¢,?%%ﬁﬁ%ﬁﬁM%M%%%$o
2) MG AT R AR
FHEA AR AM RS, K 5ENni
RNV R PR SR S DS S EN5'%: N 54 [ & vy ]
TR,
minC*® =Y p*p (18)
minCEV :CEVC CEVP C:IEVL CEVD CEV,B (19)

CEVC ZZ PEVC (20)

k=1t=1

CEVL = Zz[PEvc 1— 77c pt

1
pao(__%jpﬂ
k=1 t=1 T4

(21)

CEV,D ZZ PEV D (22)
k=1 t=1

pt =08 pt (23)

CEV,B _ CEV,f + CEV,d (24)

A p R Ga S P SR A S HL LA
CE/ TR VR A M L REFER A pPR R il
RS R, CH° RR B ERs I H
m&ﬁiﬁ%ﬁ%WGm%ﬂﬁiﬁérﬁﬁ$ﬁ
B, R B B RO T B 3 7 i D R
BEA, CRVT RIR AR TR VRS B3 ™ A ) 3l 7 H i
FFn A CPV RIRE) ) IR AR . Bl 7T L
PRI SR SO L SCHR[12]
3) A A HLIEIE B R ST A

oA SRR E RO R A TN, BRI A
AHPFIEE BT A, H IR RGN

R H, A D AT SR it — T g Al 3 U

P, ERERGUTIG TSR, TR A 3
Wy, JF MR ARG S SRR FE RN, £

R R I BOBC, DASEBL A X RS i i i
KA. XA RIS B AL N A,

max PDGO | DGO1 +1 DGO2 -M DGO CESS (25)

I DGO1 Z((PPVI + PWT 1) pDG + PESSD pl R) (26)

I DGO2 Z(PPVZ + PWTZ) psell (27)

t

T
MDGO =Z(KPVPIPV+KWTP[\NT+KESS|PIESS|) (28)
t

p® =1.1p" (29)
:_EQEF': PDGO . PDGOl . I DGO2 . M DGO U\& CESS ﬁ%u
FoR A HRIRIZE R AR . X e S AR
BT . XTI B . B4 A DL S i RE R
GiF i A, il Be RS i AR R T B WL STHR
[22]; P™Y A1 PYT 43R KR S AR AT, AR 1.
2%%%?ﬁ%ﬁ%éﬁj%ﬂ%%:teﬁmﬁ

T R A T B LAY i AR T R AN
RESSD%mﬁ% ERG t B E; KT, K™V

KES 235 A AL SeAR Ak RE 2 G i) S HL R iE AT
P A REL P RN RGBT %
3.2 RFMH

1) IR 2R
RAC 4 REV,C n Ptbase _ RG 4 Pth,l n PtW'r,l 4 RESS 4 PtEV,D

(30)

PR T LT R
0 < PG < PGnd,max (31)
A, RO g AT 5 TR AN L IR I PR T R B
KiE-

3) fuf T AR A HL T A R

2) AT RE

m”m<pm<pmm (32)
Z Pt =Co (33)
ﬁ*:pﬁmﬂwﬁmA%%ﬁﬁﬁ%éﬁ%%%
MR RAE S H/ME; Cle Fonfim R AR HEhh
W 2 FOA [ e fH
4) KL 56K
PtPV,l + PtPV,Z g PtPV (34)
PtWT,l + PtWT,Z g RWT (35)
5) fitifE R4t
BRE RS TR/ A ELN . RHVIRES LR



-34 - A &P D EH

FEIM IR AR, T HSCHR[22].

6) FHENIE:

A BT ZEIZAT N L %A 0 2X(26) -
R =0te[ty |

SaEr\f< =0.9- S\/Ev\,/k
w e
S\I/Ev\,/k = ?k (36)

20% < S& < 90%

(20% + S’ ) < SEY

lea,k

X R D RIRRE K S EREANS
RS HS ] Sy R K A H AR NN
FIHIaEH SOC; Wi K7 55 k L Zh 7R 45 1) H AT 3 LR
e FRNHINRFATINE A BFEHE; B RnHINK
TR . N IREE L EYR A it v, Bt 7
s, BRI SOC 7E 20%~90%70 [l N 284k, {7:FE e,
ENVRZE MR AT, L0 B i g7 B AS S| KT H
AT B LR T 5 A HUOIRAS Sy 15 T RE AR IR AS
ZH,
3.3 ZEMEMIFEFTIRE R KR

TEART G, g R ERE N R R4
SH, e AT S IR R R B AL B TR s R
TS oA RIS E R VR, KT T3
(ISR M TR SR, A2 S, BB T,
AR G AL S5 R N 2 BT o

R G TR A |---
|
|
|
|
|
|
|
|
|
|
|
|

I

I

max P ;

st ARG ALK

24t |
I

I

I

I

|

- =

| IR Sl 5™ |

,_l
[ruorfre | [ o | | eousg | [ ok |

[ SR # A S [ oebtiog o3 i s sl i v
| [

U 2 AU T | |
| q«{-mﬁsl-\" SA(.' H S—DGO |
| I ;
| - - I -1 |
[ 1 minc*™ minC¢ [ l
| s.t. s.t. H max PO |

) 5 i Iy 2 F 1fif N g ‘
|| Al VAR e |

#r, M Zrd, i e et
| g | | bz | B LI
|| s P I :
| Il

B2 ZEEFENERLEN

Fig. 2 Structure diagram of multi-agent Stackelberg game
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Fig. 10 Power of electric vehicles in different cases
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