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ABSTRACT: In order to solve the problem of seasonal power
imbalance of regional integrated energy system under the
background of high proportion renewable energy, a hybrid
energy sharing station considering seasonal hydrogen storage is
proposed, and a multi-microgrid energy system with hybrid
energy sharing station is constructed. Subsequently, in order to
highlight the role of energy sharing stations in seasonal power
complementarity, a bi-level mixed integer programming is
proposed with the minimum operation cost of the alliance
microgrid system as the upper optimization objective and the
minimum mean square deviation of the net load in the system
as the lower optimization objective, and the solution process of
the model is explained. Since the energy sharing station is built
by the alliance microgrid system itself, there is still a
cooperative relationship between the microgrids. Therefore, a
Nash bargaining method based on the contribution of
interactive value is proposed to allocate the cost of energy
sharing station and the extra profit of the alliance. The results
show that the model can effectively reduce the operating cost
of each microgrid and the mean square deviation of load in
microgrid, which provides reference for solving seasonal
imbalance of renewable energy in regional integrated energy

system.
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structure with hybrid energy sharing station
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SEES SEES ele,buy ele,sell
Ru,t,i,rel _Pw,t,i,abs + Pw,t,i _Pw,t,i (28)

Pheat ZIBEBPEB +PFC,h +PEL,h +Pheat,buy _Pheat,sell (29)

wit,i Wt ,i Wit i Wit i Wit i w,t,i
Hydrogen __ pELH FC,H STHS _STHS
I)w,l,i - Pw t Pw,l Pw,l ,absnabs +

STHS ;,_STHS LTHS,_LTHS LTHS ;. LTHS
Pw,l,rel/nrel - Pw,l,absnabs + Rv,l,rel /nrel (30)

0< PVT < pWI

Wit i w,t,i,max

0<PY <P (31)

w,t,i w,t,i,max

0< PEB < ptB

w,t i i,max

ele,buy ele,buy pele,buy
0 < Pw,t,i < w1 max

0<Pele,sell <lue1e,sellpele,sell

W, i = Mwi max

0< Pheat,buy < heat,buy Pheat,buy

w1 = Fwt,i max

32
0 < Pheat,sell < heat,sell Pheai,sell ( )
=t wei = FMwt,i max
ele,buy ele,sell
luw,t,i + Iuw,t,i < 1
heat,buy heat,sell
#w,l i + Wit i < 1

(28)—(30)43 A7~ AMS-HESS H . #
AT RSP R, b, PR PIbos 435
B ow ANBIHE ¢ WEZIGR 7 1R FA G R R A7 A
B9 EB - g, PRI A PRCh 235
EL #1 FC MM i #efkr#anz. @)K AMS
SR BRI, Hd, P

w,t,i,max

Py T PSS S RINES w AN AL H R ¢ B 205400 i

w,t,i,max i,max
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) WT. PV #1 EB it /7 EfR. X (32)% " AMS-
HESS 54N ReIRM 2% el s B FRRZH, Hd,
pelebwy Fyy pelesell 43511y AMS-HESS H R 7 1] 4h 7
TiC, FEL DX ) S R ST L 1 PR s PReeo T phessell 435
9 AMS-HESS AR 7 [7] 71 5 8 X ) S 085 52 FL g
BB g™ R e g AMS-HESS S i 91

SRR, AR A
AMS-HESS 1 i (gEHuREAE R, AR
T,
3.2 K#EREE

HRTIR AT AT 1, AR SCUZ R |- R 2
AR, N XUZ TR A R BRI (bi-level
mixed-integer planning, BiMIP). £ 3 #k[7,23]+
MR (1 3R 20 AR 3L BiIMIP BEAT SR, Bofk
SRARTTIE I % Ao
3.3 ETXEMERBMEMNMTINMNSE

AR SRR P B e AN R R 2 A
DR L 75 o A A B R AL 28 R AT 20 o SR FH AR
ALK AMS-HESS Hh &M 1938 47 il A i3t
Irais, HREAMAG3)HR.

max 11:1[(Ci -C) (33)

st. C £C

L C AWM @ S NRAEIRA; CON
U @ SHCLIBAT A, RIR AR A

RGB3)AS b — R AR AL ) &, Af
W HILAR A 5 TR AR R T 0 R, RIECERf iz
1T A B /AN T ) (P 1) R B S % S 76 7% 1 il Rt
(P2), MRS HIS AR V] S CHR[14]. %) P1
P2 YK g B AT 15 2150 (33) I S A A

EFXE AMS 384T A e /IMA TR R (P 1) R 3K A, T
ik A (34):

min ) C, (34)
i=1

EHMA T E K U2 /MR N A 1E i
RS, 5 RQOIRAE .

2 AMS W& 5 HESS BT BEVE A B A,
U ] HESS $2 At E R IR IR 5 RE IR /> AMS X}
AN T RE R W 2 (46 o DRk, AMS H 2459 1) HES'S
At/ 3R B A 5 2 T A A 0o BB A MR £ SR, i
b, BT A0 RV X 286 75 A 7] Bk 7] B 1) )/ 65 e
PR FEASTE , BUERR ] HESS $2AE/3RBUH [ D R

M REVRAEA R (R B DTk EE AN . [RIk, ASCi%
H e RIREITR BRI ECR E L AMS H &N 15T
BRI g, 38 H — PP T8 TN E STERE LN 7V
LR g BT E (G5 FR .

L Ul 8

8=
HESS+ G~ le,b EL SEES
s.t. E; = zz[yf V(P i+ Py s AL
w=l t=1
W T
HESS-— le,b FC SEES
E; = Z Z V70 (P tB i)t (3%5)
w=l t=1

heat,buy pFC,h Hydrogen,buy pHydrogen
7t Pw,t,i +7 Pw,t,i ]At

n n
HESS+ __ HESS+ HESS- __ HESS-
EAMS _in ’EAMS _ZE[

i=1 i=1

REGBSEFLUFEE: 1) X% 5 HESS i3t
ITREVRAC H I N B3R 1S T DTk EE s 20 i $2 it
BRI RRYE 2, HooTmR RO, BRI AR EL 3R
HUREIR DTRR . o, EFPSSTRIEMY 3R
T 7 7] HESS @ HERISRELBE IR KN Ry Boroent
NN REREESMEG: Ene FERESS 43 5l B
P 7] HESS $2LRISR L AE IR 1 S A0 -

IbAh, 1EX 25 G A B &N 34T W 8 43 e I
7575 18 HESS IR E A . 7EXT HESS S A (22
WA INIZAT A AT 7 P, SRR “ 218 257
FIJE N, ENAMRE T HESS KR53 MU 2k 22, Hoxt
HESS 7 #Ef A gl 2 . nl %0, 7EXF HESS i
AHAT PRSP0 S BN &M 73 W) HESS BCACFH
NG AE G B AR Z [ AR £, R 75 6 et
ITHERG, BARMRRNSFE I % Bo A4 CENL T
IR R, nsX(36)FTin.

max Y g, In(CY -C})

- (36)
st. Y ¢ =U

i=1

b G AKGHMAE TN @ SIS T A, Bk
FiE AN A(B3)-

X (36) R AE, FT1FE] AMS H 5 X
HESS B AS 7 S A VRS 539 o
4 BHI9H
4.1 EHEIBH

PL 3 MR AL ) AMS S 1F ¥ HESS NEH
B S50, OO AL N BRI C X3
AT XG0 8 A D] ) 708 P L, o e L D S o ey A A7y
VIR CL s 800 5 4 2 B 2 K0 B
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2 C2, HESS 1 EL #i28"* ILpH % C3, SEES
Xz WM F C4, FC. STHS M1 LTSH #%%
HUCUIE €5, HASHIME C6. HEE.
2. K KAANFHRME, A H XN R
Hohy o1 KU, JHEEI A 24h, % S 0 R &0
(19 X HH 77 K frar 26 LB L, AMS [l 40 SR
B R 6 L T R B BR B 10000kW, [71) 1 Fi 44 k] i)
EEHCE IR 3000kW . AMS [5] e HiL /9 5 FEL AR 4 A 1]
et Ei PR ) EL A % 1) 60%, T ) H B 22 Ax I 3 e
Wk 0.2 TE/(kW-h)?), BfigtE S MK S
£ CHR[217HL 0.924 J6/(kW-h).
42 BHREILOH

SR 56 UE AR ST AR A TR S 1) 42 M R AT 47
P, BE 10 MFKSTHTE, &5 REEBI
WE 1 Fim. Hb %4, 6. 7 F 8 A E Mty
JiZBbR, NRZRIEAL, H AT RN RUE
R,

1 MWHEAR

Table 1 Comparison case

UES 1 2 3 4 5 6 7 8 9 10
£ AR S e A A S A A
LTHS voxo NN A x o x y x
STHS Nox NN N A x o x o
SESS v x N N x ox oA AN
sz N N N x A x ox o ox Ao

TE: 1 RVRFEBRZEI: RERLRIZE L.

7E MATLAB 454 YALMIP 4 {41 F§ CPLEX
A IPOPT KA &SRR 1 7 SEEAT K AR«

LK2HHTETTET AMS HIFEIBAT AL
YT 72 3% 3 e T7 580 HESS & e iR
HACESR.

F2 BHRETER
Table 2 Operation results of each case

AMS-HESS EigteEs) AR HESS 4R E
BRATI T J7 ZEIKW? THYN/% DZ NP

1 4951 4.72x107 95.34 724

2 5589 3.23x10° 84.17 757

3 5477 1.22x10° 84.03 765

4 4386 4.49x10" 80.78 481

5 5234 2.81x10° 89.59 694

6 4404 4.16x10" 80.04 359

7 4846 4.03x10" 68.33 603

8 4739 4.98x10" 76.43 731

9 5392 2.75x10° 94.30 783

10 4952 1.78x10° 93.09 719

#3 BHRHESS RERBELER
Table 3 HESS optimal planning results of each case

J7%  SEES/(kW-h) EL/KW FC/KkW STHS/(kW-h) LTHS/(kW-h)

1 10000 3527 316 10000 300000
2 10000 4115 0 0 0
3 0 4876 1019 10000 300000
4 6881 2424 0 10000 67049
5 10000 3317 288 10000 300000
6 0 2424 0 10000 66956
7 0 4280 0 0 0
8 8527 4115 0 0 0
9 10000 4115 0 0 300000
10 10000 3668 328 10000 0

TE N TTE 2 f 3 A ALEs BT LA
M AMS F B A 3 7 2RI EL B HSS
SESS [Mf&E&L R, ML TXACE SESS A HSS,
AMS-HESS [F3847 A7 5l B 1729638 J3 Al
526 Jivt: RGWE AT E SN TN T 3.18x
10° kW2 A1 1.17x10° kW2, BT LAE Y, 78 HESS
HHC B HSS A1 SESS X 2435 R GEIS AT A AT 5
SN INE SN IS a k=i E AL (N

HITRE 4. 6 F1 8 BIRALZ T A, fEAEE
¥ J7 Z S5, 75 HESS AL E SESS 5%
HESS ¥H & (Lt RGN ROEHH S I 1E . B
J% 6 F1 8 MRS R nI A, 4 HESS HAUH &
HSS At &I % & SESS FLE 1) AMS R4z
ITHAEAR, KOLHHE N E &, BN HSS
EEn N SESS 45 &40 R MU i By o X2 R I8
it i HSS i LTHS, Hl# RS0 ] B A Ae
O RERAT K IA A E, SCELREIR s 2
AR, M2 AMS-HESS 5 4 FEC H 94 )
HLAE LS, IR ROE AN

FH 755 1A S (RAGZE ST 0, &4 [ gk 4T
G AERCE HESS A& A2 ic & HESS ALk, £
T 2R Gt B AEIE AT BROAS R G A 5 22 93 0 R & T
%9282 J30H1 2.34x10° kW2, FLT] P4 REV5 ) st 4
HAIRIRE T 5.75%. X2 RN 2 50 2 18]/
G Z N AR il 1 — AR, SN ]
HATAEAN, WEEHE 2 RIROEH 71, N
(PN & R L e 200 (7 I RE i i}
B,

HE1METTE 46, AMS-HESS H)4iz
AT A 3G N T 565 J5o6H 547 Jiot, (HRSF
BT EZAR T RENNRE, THET 4.48x
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10"%kW? F 4.15x10"°kW?, H 7% 1t ROG # ke
HANER] T 95.34%., ML T HE 7, HE 1B
ATFFET 105 Jioo, $AMTE TR T 4.03x
10"k W2, KOGk s 44 ) 53 o i, BT T
27.01%. HHUCHTEL, FERLRIBT B, @it % HESS
FARRESMARRE, FREMSHHEIEE K
ISR, ATA U R R R e b iE gy, P4
RGM5FAT N

72 2. 9 A1 10 ILALEs AT 0, EHER
Guig A 577 Z G OL T, BCE STHS A1 LTHS X
RGBT GRS 5 Aaf 35 7 223 B B EH

tbAh, BN FC MRCE AR =, H i B
A B R R RO, RIRAHIIES H
M ZEA RSB, Rk, TEAE R S 35 2%
IO, RGN FC MELEBNIRSE, TR 4. 64
7R 8 HIAELE FC. 775 [R5 47 15 75 ZE 1 1L
T, TTZE 1. 30 58 10 Bk FC HTICE, X2
FUNTERLE FC JG, RGN RE N FREXT 5
R AT AT P FER 2 TR 9, AHE
XT STHS HHATICE, FRSG iR IE I H A e
NHLRE, PRI RGIEREAX FC HHTRCE

& 1. 20 3¢ 5. 9 F1 10 R &MMALALRT &
WA 38 7 23R 4 s, R 4 iTLUE H, 18
ZRARR NI T ZMENT, SRS mim
AR SN AAE R T BB, TR 1M A
[R5 A T AR R T UR T b i, 7R 10
XA B A AR et , R 5 XN C
(R BT AR R e o (SRR TR 5 M
THRI0PR TR 1. HILATH, {E%5 MM A 1E
it & LTHS. SESS 1 STHS % £ 484 17 far 41 77 2513k
ITRALHIEDL T, RGEER G A AR AR,
H RGBT RARNE, %2R A 5 fsh
HECHIN R R TR E R4 .

T4 FRBFREMMEATRULER

Table 4 Results of net load optimization for different case

ke W A W B W C
ALHT A2 07 22 KW? 8.60x10° 1.33x10'° 2.10x10'°
U5 & 1/kW? 2.10x10’ 5.71x10° 2.05%10’
J7 % 2/kW? 1.38x10° 1.04x10° 7.98x10®
J5 % 3/kW? 2.36x10* 3.99x10° 5.82x10°
T % 5/kW? 1.02x10® 1.68x10® 1.10x10’
75 %R 9/kW? 5.67x10° 8.56x10° 1.33x10°
77 % 10/kW? 9.46x10’ 1.14x10° 8.18x107

4.3 AMS-HESS BITHERREESEW R 7L
4.3.1 AMS-HESS % # 7% Hiz 1745 R0

HF 7R | LR R G5 1 RSl 7
A RIFRI, Ak, RTEFETE 1 A&
MHR BT8Rt — 200 Bl 5 b))k
STHS A1 LTHS H 78 U My 2 J Hopmg BUIR A (state of
charge, SOC)Hf%k. & 6 Jy AMS-HESS 44 i 1) %
PAiTHI 2. SESS Fuil H B e SOC il 4k L b 5%
D K D1, AMS-HESS #{k#k. S Th 11 th 2k I
Mk D Bl D2, DAHFEZFHAHRER ST AMS-
HESS # 4k §E SI2 4T HE0E ST

S5 K 5. 6 TLLEH, JEIIXT RGN A
RERMIARE, M8 AMS (7] &b FLHC X R A 1 5 H AR
BT PAR . fEHFEZFEMAH 01:00—06:00 BB,
AMS BEARROEH Sy T . B R R, 7R
RGN P A H 47 A 7 SR BB JHRERI L RE TR S
AMS KRR HEBEAFHZE HESS H B &4 48
BCHL o e Ak, 752 ZR B H A& ZR A H 01:00—
06:00 I Bz, AMS 23 M ATEC Ha 04 ) K H e A A 22
HESS /7, XK AZE BOAAME S B R AT
BB, AMS S8 7E 1% I B SE A B REAT- it &
HESS % HAb 2148 F, AT 52 AMS 154k
BATEFE. 1E 07:00—09:00 I E:, AMS FHA]
AR 705 B 7R ECAAET, RS EB AN
1, AMS AP T G # & FAIh 2R, 4, AMS
WA F HESS f&43 4> L pE Sz h A A EL e g, ik —
AP AMS [ A S H Y FE Bl . AR BT B
43 Hr5 01:00—09:00 I B 2481, 7E b AN 22 BUA o
A, 7E 10:00—19:00 BB, SESS BEA FZHATHN
NAMEEAT N, 1 HESS 4k LI X AMS HiH
REMIEAT 748, X BUNTEXIT B, AMS fR#E X
E PSR R L RE TR AR 1B LA SESS SEIILEK B Y
BRI 2 [ L e AL 4

ME 5 aTLAIEH, STHS T HAAREH AN,
&N A H A 7R EAT N, LTHS HTHIEEA
REJR TLAN, 7ERRAN LA HA AT 78 S UG AT A
o BbAh, it sy, mTEFRRH MK
ZE ML H (] AR BRIR 08 %, LTHS it fe i
R H AR H R R N A
REHEAT A7, 72 H = L0 H AN A& Z= i 8 H it AMS
I, ST PRIREEZETAE A . UL AT A, AR
HESS F1ft & LTHS, Zil S EHsLHl T H
A& LAAS [R] BE YR T 3R AT 4 A7 6 FH e 5 (1) 5 2= 45
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5000 HHEMBH HEWMH KEHRH AFHAH o
TR % H 0.8
= 3000 HAAESOC 112k f
=
LA ‘ ‘ "y
§ EinamEEn g = : H o4~
R _ .
3000 7 02
-6000 0.0
0 6 12 18 24 30 36 42 54 60 66 72 78 84 90 96
i )/
(a) STHS A T)ZF K SOC Ak ih 2k
4000 EEEEREERNNRRRRRARARNEN 1.0
! ! A% o8
B o i 0.
5 2000 [ al K& fESOCH £
= 506
= 0 S
\‘g Ho4 ”
R
2000 02
~4000 0.0
0 6 12 18 24 30 36 42 48 54 60 6 72 78 8 90 96
B 1) /h
(b) LTHS 78 BI% J SOC A2kl £k
5 STHS #1 LTHS R #&INERE SOC fhik
Fig.5 STHS and LTHS charging and discharging power and SOC curve
40000 ENNEEEENNESNNNENNENNNNNE NSNS NN NS AN
| W IN] teimahme I R [
30000 | NI AR —— M n
I i e I R RS R A H
z
5 20000
%
10000 . : e
FTIT il 1 | (11
[ 111 LLLI | | | 1| 1111}
1 1 [ | L | |
0 1 1| nll | | [ ] | | | | [ |
0 6 12 18 24 30 36 4 48 54 60 66 72 78 84 90 9

I [8)/h

El6 AMS-HESS E{FE IR F#ihsk
Fig. 6 Overall electric power balance curve of AMS-HESS

TH, KIRERRT REMIERERRA, (A8 T
R0 AT ZE TR
432 BRHAEWE AT

xS PAEETE 1 PR MMNIEREE TS
HESS [FIREIRAC BAR L LA R A M E STk E . Feit
HH 3 T AN ST AT A8 B T Wk B 1 AN 4 SR A bR A
B ITERN 255K, W3R 6. 7 Fiow.

2 6 ATAl, SuMMmAIER, BERMMAIE
ITHA T B T % 282 Ji 70, 1M C XF HESS BUA(FC
BRAIEAT A 7> M =, 498 418.5 T3 TG,
XREFCNTEIA HESS J&, £y E, M C 1
RRANGEE £, 291555 Jiot, M A Fl
T B RS AR 20 730 68.1 Ji 1 58.5 Ji. %
TR A RS A R B 2R 0 3R 5.41% 2.28% A1 11%.
ATLVE Y, BER P9 & E i L . HESS S R s

L, AR IE T IRA IR B R s, A
T ) e AR 48 LA 1R 5 1 IS AT BROAS 2 72 B R
HESS J&A AT & H 5 .

IR 7 AL, A AR HEN AT SN A
TEWR RS HEAT A3 I 5 5 R AR R A T B 3
940364 JG. MBI 5 071, &4 A HESS $2 4
BRI RIS LA B 25 T 7 & E HR 1 BTk FE AN
I, Bk, ZHEFHAN T M TAREG X
W7, ASCRTHRIEE 28 BANE 5Tk BE LR 7 2
TEBAT B EUR S A TS, X C 2401 T 41 61.5
Tt T o KRR AL R B AR C it B
I TR EE 73791 0.4930. 0.4237 AT 1.1265, fEXT&
PEWCES AT S By, SEA ] T804 C idsE %,
812 5 6 1 10 8- 000 32 0 R 0% AR % 0 X 6 R 1 52
FLAE TR K /NIRAF AP B & 4 FE A
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Table S Energy interaction and value contribution of microgrids

X $RML4A HESS 1) M HESS 3RHUM M HESS 3RHXY) A HESS ZREUM  FEAESRME AR #Aeki &Reskm ook
EELa) HLI kW HLI) kW IR KW AR /KW M EE B/ G {8/ G MWEoE g
R A 7100829 582669 9479719 2900974 5126830 469473 7673025 2680500  0.493
%M B 4414298 4026400 13213194 3418496 3093446 3679785 11016377 3158690  0.4237
EEKe 11252122 591604 8780321 3610776 8884011 531511 7314488 33363571 1.1265

*6 ETXEMERMERNNER

Table 6 Bargaining results based on interactive value contribution

xtetebs  AERTENA T BIEEIBITRA/ T HESS A T WINEER/ T S1EREAST BRI A TR/ %
T A 12588318 11918950 1831632 —1842975 11907607 680711 541
M B 25610510 16656080 1574101 6795327 25025509 585002 2.28
WM C 14136401 13348210 4185163 —4952352 12581021 1555381 11.00
T AR 52335229 41923241 7590896 0 49514137 2821093 5.39
RT REREEPIUNER
Table 7 Bargaining results based on standard model
XtbEbr GERLERA T BERIBITRA/ T HESS A L WU ERE T AR BEAEST BRI BT /%
R A 12588318 11918950 2530299 —2801295 11647954 940364 7.47
™ B 25610510 16656080 2530299 5483767 24670146 940364 3.67
WM C 14136401 13348210 2530299 —2682471 13196037 940364 6.65
Thc i o 52335229 41923241 7590896 0 49514137 2821093 5.39
=+ N s, N i =4 W N W
5 #Hig IBAT ARG AT IS 2 1A s, IR

AL — PSR A R IR 3L Sl 2 A
fRISITHA, ERERT, DURGFBIT AR
N EIRBERR, RGUF T EiR N TR H
b, R T URR G BB, fEXUREA T
X HL R AL I Je 45 2 A DL R A Ve S 1 4T
WEBEAT 17508, BRI & SEPr i o Bt —
&, SRR T A EANE TR A G SR TR R
B G VRS R IR £ RIS IE 0l A AT 5 B I
FELERUT

1) 15 B o0 368 5 o) 9 A RE VR AL 5 i ) 5 B G
BRE KM LI RSB AT BRAS, JFXE R e e
BENHATA RO, BeAh, X 3T RETR X At 94
R et .

2) fEIR A RERIL ot oh [R5 FE L S Ak RE
JREL SO0 S A0 2 A S A 1) B (R AT BN 8
R e W ) | 23 DS PR R M 2T IR B (R VE S
RN o P T A S AT S
HI—U & WA K L RE G 40 N R REHEAT KA
KLY BEIRIIES AL, U RGBT R

3) A EL T A Gl O VR BE YR 3L S 3k AT
FCE, G b B i 2 gt 8 I TR A e 2k
TRl SEHUAN R 8 (R RER L =2, b R G

HER] AR BEVR 1 T AN -

4) JE IR R A LA ST R B A A
B, PR A RETE L 0l (S A AN & P Ui 2 BEAT
PO BE s A2 AN DT RR PR e R R 20 TS T A5 1
R R, A RO T R S S E R R
BRI .

FERRAEIR T, AR RN XI5 &
REVE 2R ¢ rh T 28 e R 1A 1 A i R 1t T
Zx%Ti%, ANToh 2N ASGAEEFEELT
REVREE I UL T IR s S B AK DL (H T T R AR A3
F BT AR S, BN AR,
ARSR R VE S O S B M T SRR A
FATERERIIR R BEAh, AR SCRXT RO H A
e PECL R I M R BEAT 5 18, SRS AR, K
FERNZ S AT T o

B35 3R
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