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Fig.2 Operation mechanism of hybrid energy storage system

oy M, ARG R ANT

P
o
M com M Tur Nrw M- P, (t-1,)
[anat< 1-n,7) My (1-147,) } |:Hin(t_7-2) :| (12)

Hrp > M com ~MTur ﬁ%ﬂﬁﬁ%’ﬂ%ﬂ{%%%ﬁ&%, Mhs A
il PR 5 Mi-E ~Teat 3 5 A iR HILE 11 25 A
HL AR AR

2.4 EFEEBBRRGERERTRE

TESKRE LA Ty T, ¥ A RETE W 2 P Aok i
] B 8 LAAR IR B (AN A8 EA T RE S A7 0, 7RI AR
WL FE RS M AT, Y mr— b g
B RS Fe AR 35 3 185 000 JC /(MW - h) ; 1 JE 46 25 <,
TEREA AR B 7, 208 4 000 000 T /(MW -h) 5
AR fif BE A9 AR AT 2 210 000 JC/ (MW -h) (¥
) 2 R B AR L e v A T s
P B COP A 4 IR 2 AHAE fif REAH 24 T hiAS Ay
800 000 JG/ (MW -h) ( HaL T 17 ) FAHE B fiE , 185 AR
AR AR RERY 1/4 2241,

25 b R AN AS AR GAIC BR A AR A A 7 o 2 il
&7 K FL T f e MR B AU R AT b4
P RGEAATHNS . FESEPREE A RE IR X 7E 3 4l
RIZ (A RERIERAE M MG N 26 1 iR R A0
B R 0.479 JG/ (kW -h) , ZZ=UER i A E] 1.071
TG/ (kW -h) , AN AR B A (1 R 2R, I 23 LA 22
K 0.592 70/ (kW - h) , Qi1 5 A0 AR fifh 68 RE 08 45 g 5K
PRAL W IELAY | WU 22 B 25 AH 24 Pl UL
1 ELRESAMERERXE 3 MBI FHS AN

Table 1 Cooling and heating energy price of an actual

integrated energy park in three typical periods
TE/(kW+h)

WA VREMA% FAREAR
PUR = 0.550 0.587

WAIF ARENARS IRREINAK
s 0.563 0.587
HE 0.550 0.620
MHRZE it BE A AR 25 B B AR AR 168 2 > Ff
FERIA A3 H N =K




£ 18

AB 30,5 L REIAMY X BREE S REIR R L P RE AL AL L B 2]

a. T —RNIREEMAE AR, i 0 TC 7k AL A%
Re—MEE ALY 220 25, R, A 5 CCHP 4§
R ARG O R A HEAT IR G VR B A A BRI B 25 1]
— BT, CCHP HLLH 9 $5e /N TAE Ty 28 Ok 4 1 T R
) 40% , H CCHP MLALI 0 Br AR BE & H i35 K
MM/, 1 CCHP LA TIBSRB K INE B R e, —
e PR RS F Y B B s AT R, Hoh TR IR &
HL AR, A R T AR S e B IR A FRAE R[]
PERATHL, I A BB S, — &, B
PASEBL S CCHP HLALIE T, it #A S i 7F v 71 Aoy 1
i B fi #4, CCHP #1141 5% iz B 7 4 £ far vy e I Bt
TR

b. MAHZEfRERMC L 2 VLA fA E R 14
Jiti AT B S RS o IR LR A AR B R R NS Y
COP 4y 4.2, 54 PFEIERTHIR 1 COP —3k, Hix
RN 224 0.592 JC/ (kW +h) , B EF 58N
AU, S AE T b X5 | AR AR % e B, N Y 32
B EA A BB HER TR,

FF LR e AR R W 0 43T, 18 IR FLfif R
HIN A s 5 kT IR g E 3,

(EE O\ REE )
BB\ o\ ~
OEEEER | | Ozt || OéwsamnzEiR |
QFPMAAR | @ it il @ HAEIBEHLIH
FERUES | | @ bR | O BARAAEER
@ %ﬁ%}ﬁﬁ?ﬁﬁ L
O AR
| 228K, CCHP ALK |
T T —— R assal
Qoo BARE AL Dt U o gepsun it
© i afiiass|| L2 R T e, aLaL |
; - LRI T
BB
' ® #fE TR
(O e o
RBGR: Hi= HLAH COP &,

@ %M

B3 2 A BEENNAGESRE
Fig.3 Application scenario and method for cooling,

heating and power energy storage

IRGARE RGAEAL G RE R G Y LA A
JRY T . 6T HL A R 0 TC BT, — MR B ] R
JE RN N IR 53 3 A4S B bR ARG s B F)
Mo A OB RE IR B A S Re B A L, £ G R
RGAEE A DM AU EH SR
REVR I (14 1% SE it e, 10 27 JERE IR I 2 8] ) 4 &
KA,

WA AR Z TR E BRI ZREH AN AR
f i — U RETEM IR b €O, HERK i ki T 48
Terklk st . T HECA CCHP HLA & s fT, BIHL

HAEHUE )BTz A7, At AR B ] 78 TR AT Hor
AR N 220 78 25 75 SR e R 9 A €8, A P BRI A
fiff FATAE FH B ey W AR, DR O i T 0 2 2 1Y
AR E . A, LS TR s A7 AS 5 SE S AL AN
DIAHSR A RS v 3 ] A Fi 2 ) 1938 A7 AR
BLE IR LSRR ARG METHE,

3 fEEEHE-MINEML

X AR R RETN 5, AR SCTE A RE IR 5%
VA 2 Hh I 2 A R ) H 67 ot 2k ) B A
b TTRAERERT R o ST SR A BE IR BE L AL i
AE PN ML) A 9 2 — RS UZ A A T A 3 5 18] 2 5
SERRLIA T 56 1 22 N FRIE AR, 481X — XUZ BRI
I R i DG M i BE 3R R — L ) XUZ A AR An ] 4
N

RETRFE B L e A R D IR LR [0

Hin gk MLttt ar A2 A
ARAAT: O AR o M ETAR L3R
@ REZ AL
@ XIS ER LR
]

H i BE SRR FERERD A &
JE B FENTRAR

)
LR RER RS RE BN AL (S B E )

B b R e/ MUERE H P BER1T 3
ARAA: O AR AR A 2R

@ fREFE A IRBEZR

@ FEREF AR AR

@ fHABBITRS AR

® BERERIIRALLIR

B4 fEstAE-MIREMUL

Fig.4 Dispatching and planning bi-level optimization

for energy storage

LIRS A bR e B e/ ME 2 AL RE S ik
REC A 1 2 A i Jo) 90 90 P, DR SR 738 A ik E I B 7%
e, o MR AL A IR B SRS A O R JR TR
i, 0 LR FAR RN R TR R = AU HAT
AR R DL R BE [R] REL, fifh BB TIC B 2 1 O LR R Y o, 2
IR RIRETCAR I, -4 AN 1 A2 04 29 SRO$% L A
T 2 R ORI i REIC B A
3.1 AEEZHREIMNEITHEREEE

MR R LR B ANMS T L A RS,
LGB BE I A I i A B BRI Z Ah, v AR LGk RE
TEBEREAS I 4R IS5 O H 8 B 2 M0 R 7R
i, R RR BT B ARk Bcan =X (13) Frs,
S fger S A2, FLBE BB AR DA R, IR (13)

3

min Fluw: Z

d=1

D, X, Leie() (Pre() +Pgun (1)) ]

(13)



122) & 0 8 % w it %

%39%

YIRS ¥ R H D O 29 0 n =X
(14) iR, WA A RA (6)—(8); fif 2y =X
(10) ((11),

Plup() +Pis (1) +Ppyp (1) +Py (1) =P34 (1) = Li(1)
Hyp (1) +Hig (1) +Hio (1) =Hi (1) = Ly (1)
Cie(8) +Cio (1) =Ciy ()= LI(1)
(14)
Horb  LNCe) LY o) F0LE () 2 A BE TR d AE ¢ 5 %)
IS HL, B B BT €O (1) L C2y (0) 43 ) Jy i RE 2
d BVRWAETE t BEZI R TR D3R

R R ERRLAY B AR sR Bk Z RS [R) i g 1Y 42
JAIRZ T3k 5 e KAk, DR AR 15 Ry 22 Fh A e A9 Tie &
e, = (15) Fis .

max  f =YF, (Rys,Rys,Res) =

Ris.Rus. Res
2 [ Y(f?M +f?P) _miRJ
s.t. R, .SR<R, . i€ @ w={ES, HS,CS}

(15)
H R (iew,m={ES HS,CS|) A&k AES & 1)
BLE AR, WA T IRIER G E 2 PERfERE § 1Y
IR RN R, R I LT R AR RE © 1)
JCAEREAIRE ™y 5 A WO B I 17 4 LA
A RN A RE A A s TR AR BN R R, 1Y
Fe, X (16) Fros; f " I IH A, sl (17)
JIR o

S k"R, (16)

[ =Ciki" R, (17)
d(1+d)"

FRi — N (18)
(1+d;)" -1

Forp & RERE @ B9 SAALA AT IHBA ; Cp, A E
i IGEAR TR B 5d, (N, 43 BN RE @ 3T IH
T IHAERR
3.2 EBIERZBEEIMNSITHIMEREMN

RV HLALAY COP Rl Ik 21 4, 1y il e 7 AL 2
WA ARCRBR HL A BN, ] T [l 2 A 44
i R HIS AR SN ARG C R, WK E
T AN S A i R AR AR, 7 08 2 Y B A
SR Ay LA R AT AT BT AT e e e A AoF BT 5 198
T, DRI, BV 2 8 A 28 U P I BT W A R A 1Y
M 7L

AN FMEERE = A B4 ey o 2 7 R i R A
H HREI £ ok A T CCHP HLAH 10 iy D H 2 i il
IR Ry /N T BT RRRE A LI, A RETO R 4l Bl
FIH, RN B A BN Ry IR/
e R IR IARERT R  TE R & A R L,

FACH I AHEATL 2L TG 5 A0 TS AL LA I 2 AR B A T
T L ST I IR BER DI B AT I i 2 A BE . T,
TAF AN I A PR P e T AR A I B, A R el
LA D32 AT , BAER IR Y B R 0B 1T, TE R
I, AT 45: 1k CCHP HLAL A9 AT, i AR pEER HE AL
AUEHLIN A BT, DRI, A AR B B 2 B IR A B
TESE S AP P AT RS RITE B2 o i i A B 14 &
HLER PRI

i bprid g 2 e HAMa T I RE L IE B
RERUAAR IR AT H A5 eR B0 B e 3 (19) o

3 24
min Fm:z D, 2 {chE(t) X
d=1 1=1

[PEC(t) +P(({;RID(t) _P((inP(t) ]+
L& T (Pl (0)) +HE, (1) /" T (19)
EH BAY e (18 g AL HG W85 < DI P H A
FRIR AU, VA 2 R AE A5 el 25
B, 8 B bR R B % TE WA
3.3 FESBEIEMSITHIREFEEMAK
5 B T R TR 4 s R S i RE AU A Y
PR YA A A A Y R 78 il RGP R TR 3.2
T BRBIR G RE Y SN L 25 AR 00
S Sy ZIRGEAFHY FL A RE A RIS 1T 2 N B
iy
PéHP(t>+P(éS(t> +P[(Z;R1D(L‘>+Pidn(t)_Pf(t)= Lf(t)
HYp (1) +Hy (1) +HL(0) ~HA(0)= (1)
Cgc( £) +CrTlo( t) _C:ll“l( t)= L:i( t)
BN (6)—(8)
it G ER AR (1) IR EHEE EH 48 (12)
0=<<S.(1) <R, 0=<S,(t) <R

(20)
Horbr Ry Ry 5300 My RS REFN A A TIE e 7 o, 7
RN R, B IRARRE Y S | o5 1 AR
FRRFIGERERC B A EKH R, EEERSE R .
max fup:YFlow(ers Rys Res) —

Rgs. Rys.Rcs

2 [ Y(f?“+f?P ) _miRiJ

iew

st R, ,.<R<R,. ie® o={ESHS,CS}|
(21)
4 BBISH
AR Tl el DX 552 DX 2 5 FE R AR 48 1 KK

i, CCHP LT B SR - R R 1SO T4
TR EHRASR] B 1 a 0 AL 2 T IEE AL
W S 91 d 183 d F191 d, RGN AEE
FMIAAERLMY S2PR CCHP HL4 i 7R F Bt RE 7 Iy
oo RIS/ 3R H e R DR St Ak T A A



£ 18

AB 30,5 L REIAMY X BREE S REIR R L P RE AL AL L B

FIFH Gurobi 7.01 3Kf##RFE Yalmip V-5 L2 1R .
4.1 FEZEEEIMEITHIFAEMLK

SIATR] AT, HL I i RE AR s R A R 25 1]
AN FRBEER 1 R, 1 MW OHL RS REAT B R S A 20.6
TITC AE MR 15 a (b5 iE 77 i v Ak RE — 3 7T L8 )
309.3 JiC, (KT 318 J7I0/MW F % HL Tt i 5 2 1)
AT 4Edm 2 FH Y S A, PRt v it e R AR A &R
e A g s AT Y BEORIE Y G E, T ) fE
AHIR,

X T E R B A EC S BB & v BT 11 [
TE G MA N 210 000 JC/ (MW -h) , 5459 10 a, 51
P EBITHE AN 2 76/ (kW - h) , ZBEFFE,
WEREIME T diEE R FEN TR AR
B2k 713.15 MW -h 147.25 MW -h 5.9 MW -h, &
A (19) AR R e T R #8253 2,

R2 TEBEEFLSWH
Table 2 Benifits of cooling energy storage
with different capacities

K/ (MW-h)  W#6/Jc 4t/ (MW-h) W zs /o0
5.90 2089 211 713.15 -28 673 926
147.25 23 002 176

i THEA ZE A8t far i R R, S ZERY IS
B 254 0.592 56/ (kW -h) , I BB 6 &
KRR S, e R R R TR A R R,
EZ 35 43 10 it e AN RE 72 HE VA Z 4l , 2= A1
Ibph o oR) 'l 0 T 2 A U AR T ARG B 147,25
MW -h B3 8 I s s, B3 E A
AR = &7 M EE R 5 422 JT 0T, R AS N 3 746
e, MG 25 R 1 676 178, % B3R E Atk hEmT
Ti] A5 T AR 48 i A A | 45t e 2 LY | 4 B A
FEZE SN S R,

AT S AT, FR TR AR B BE Y e R RE HUER
VE | 255 1Y B A % RE IS 1] 78 A 4 I B 119 2K 9
07:00—08:00, 3X — s Bz 14 H A B A% HL RPHE I 4
B AR Ve RE AT LA ST BRSO 0 /0 g E 1Y) BE 1 #E
. PEITR d J 2 0 v B o A B, v ML AL 4
FRTE LA IS B AR BE R R B R
Pt MER MR RS T H TERRESR
HERRS], B A RER L 2~3 h B9 e, Hdx
it BEATY R LA HLA R SR 48 T T

XTI B U A I B 5 B ARG & Y
SEARIE AN 210 000 J6/ (MW -h) , 6k 10 a, 24
MARIBITHEY AR 2 76/ (kW -h) , ZEEHFE,
PR 2 A b R DUIESS 4 H AT, A0S i
95.29 MW -h,, 32 PR ey ron 2 DUE
Y4 H AR T, BT AR B A AR R 0 2 B B R
21.07 MW-h F11.84 MW -h, ##E=0(19) 525
1) 4 75 i S HH P AR RE R G A2 L3R 3

2
75 ¢ 7.9 1 1.0
VA7 3
> |\ owueshE i
S %
N 0.5 &
B q ®
B laniesl | ) BeRasRL 2
%
-75 = : : 0
00:00 06:00 12:00 18:00 24:00
2l
(a) ft%
75 - v TR 1.0
\ yhdsE ]
z M\ P
S I\ Leeecefoqeg &
@_ [( [ P - ‘MI'M 90964 0.5 ﬁ
= Oownwayx | %
/ELRASR I Al
-75 e : 0
00:00 06:00 12:00 18:00 24:00
2l
(b) ¥
8 g 1.00
o A -
HIh& =
. |\ et s
s an &
) P -0-0-9-0-0-9 0.98 4
X =
s S EATIR &
W e | K
-8 L L L 0.96
00:00 06:00 12:00 18:00 24:00
240
(c¢) fitphz

Es5 MBHQHREEER
Fig.5 Dispatch results of cooling energy in three typical days
x3 ARFEHRMEEEEH
Table 3 Benifits of heating energy storage with
different capacities

ZE/(MW-h)  W25/7T 4/ (MW-h) W25/ 70
1.84 25 777 838 21.07 53 977 107
5.29 34 877 375

F A 3R 8 B SR 2R AR R LA i as AR A,
AR E A | — AN Ll T PR A U s vl L
FHFCHE 21.07 MW - h g3 U 25 B, IBUE RIRR
IANAS A 3.45 J6/m’, T4 LA VB A% A 0.349
TG/ (kWeh) o BEERIPROR R 0.9, R I 350R N
0.73, 4= 75 JE 0058 1o 4 FE IR B SO Bt R G g4
AH HC AR TE i A I 2 R, Rk 25 3 468 T T, fif
PGP AR Ky 536 T 00, IR 4 2 932
JC, ML, & HLAEZ MR H PEE R e LI 6,

SrFTIEL 6 BT, i T RS ZE G A D
CCHP HLAH 1Y 28 55 850 2 B8 v, A% P b A 7 ZEAE 0
FE TAESMHE TAE 1 h, 240935107 i g I
A BT Be A A far B A IR AE, TT AP AL CCHP #L
Hyiatt, HERFEMIA KL, CCHP HLA FEA



24 2 20 & % i # & #3905
S npkta PO 0.7 3% 107
MyaHeRR \ﬂ iﬁlI > & [
RHE o x ﬁ?ﬂ I:% b FEELE FZIBZREHAMBAT
= PR ﬂ%%ﬂ%***— 0.6 & = ‘\\';L?‘I‘ii_ﬁ
E 0 |o-od-0-00ed l'. P TR oe0d ﬁ -3x107 L L . . . )
ﬁ /8{ '|| fs( iy 0 100 200 300 400 500 600 700 800
= Rt E AT 19 % R/ (MW-h)
V = 7 AR FRE R
¢ ' ' ' 04 Fig.7 Comparison of cooli torage benefit
00:00 06:00 12:00 18:00 24:00 ig. omparison of cooling energy storage benefi
A% between two strategies
(a) % x4 BERESERE
17 1 1 1.0 Table 4 Parameter setting of hybrid energy storage
A\ ﬂ?l;;; Neom” % N1/ % Mg/ % Mhtear” %0 N/ %
IR "
E | X stk 05% 90 85 45 95 92
X %Mﬁﬁmg | % 8x 10 } SR ANET RS AR
------------- L. = R — o
® = 7 AE IR R HAMETT
i | 4> 27 E 3x107 [y i 18T
s AARERATRIL ] 2 7  HEEREE NS
00:00  06:00  12:00  18:00  24:00 %107 L s . < . .
B 0 10 20 30 40 50
(b) = A&/ (MW-h)
o1 R 7055 8RR ThEH K b
/ x Fig.8 Comparison of heating energy storage benefit
§ 25 + 40.50 gg among three strategies
Z AL & P 8 AL, AN 2 i T KNS AT I 9 2
L0l i e Lo 8 F R BE 101 1 T2% 1 2 BT ANE 714 (O B A
Y A # FIRES, RO UE T A SCHTHE 2 B T KM D )32 47 9
- ' ' : 0.40 WSS S T A BE RO, iAE 2 BE L ANEAT
e mem e FRGE B A B R T LA i 0 2800
(o) P 1 BRI RG4S ChA R BT (L

Elo MEAHRBEAEER
Fig.6 Dispatch results of heating energy in typical day

AR TARTERUE DA BT, 5 A P A 8 1Y
A T P ZE AR ) A R A AR A A, i
T it AR A8 AT B A VR o 22 A B AR ) % TR G i
T 2t P A R T B
4.2 AEEX THEEEEEZFHEXTEE

XSS 3 5y 3 ORI AF IR Z R
#NBAT B Z RE B AMS AT LA LAl RE MR & i iE S
5Z R HAMYNE O, X H o A AR R i E 22
i

FEAEAS ST 22 e AR R 78 V2 8 R SR s R 2%
EEVR AL B M ER M REEL AR, AR E R A
HTEMEREANE 7 Fiw, i 7w, A% E
ZREHAMBATIN B B A RE /I BAR T H 26
HAMBATI 1 E Ve BURIRE T, i m] A SO R 3R
WX BT 25V LA BE I PR

FOAA SCRT 8 22 fiE B AN B A R 2 A1 SR g A
F I8 Z A8 HAMDIRLS AT Al s R S g LU S A 2 e
HAMS AT T BCE R G AERER RS . RS HEES
B EANER 4 Fios, ARG RS TE45 25 U RE R
i, 3 BT AR AR B IR AN TR 8 TR

P B BRI TR A il RE T LA AT L R e e i
R RAR . — 7 T RS i AE R LUK IR A 5
AR o FARE R AL o i il B L RE 5 5 — T D, TR 5k
AE A B 22 PP RE B AN DB, T LA IE B A /D it i
AR OL T IR BT AR EERCR

5 #it

LR RETR R GUE RE IR I A L K J A4
LI, ASSCGE ST CCHP HLZ 1Y 20 B A4
Ve —Fal AT B RE A O LR BT
B PBERE R 7 20, WESE 148 A RE 7 R I
BB AT T 5, WA R BERE = Hh it B e B A
i, IR ISV A REAR R AL LA AN [] 5 fak
s . o 1B X IER S RE IR AR GE AR, AR SC
WFFE Ve A Ak e LA S Z RS R RE T DX 2R &
REIR R GE P 22 0, I AR e P C 0 L AR
TEZ RE HAM Rz A7 2R G0 h A BRI 21 4 2 18], i
e A P AT 23 [R50 O HL, 25 18 2 RE LA TR
BRRRETT ik ] DLt — 2 I R G B A RE ST, i
SLAIEE IO UE T Ak B E Y RN A A RETE 2 g H oAb
RGERIH B —E M TR S EE,

P S LA M 25 3% (hitp : / www.epae.cn) .



£ 18

AB 30,5 L REIAMY X BREE S REIR R L P RE AL AL L B &

S0k -

[ 1] REgh. BOMEGERIRRE R RMIKZ SBRI]. BORE
A 311k ,2016,40(5) ;1-7.

WU Jianzhong. Drivers and state-of-the-art of integrated energy sys-
tems in Europe[ J]. Automation of Electric Power Systems, 2016,
40(5) :1-7.

[ 2] BURM, TIH REAR, & XIRLGE AR RS T B 5
[J]. I RS A1k, 2015,39(7) :198-207.

JIA Hongjie, WANG Dan, XU Xiandong, et al. Research on some
key problems related to integrated energy systems[J]. Automation
of Electric Power Systems,2015,39(7) :198-207.

[ 3] Bz, BPF, BURA, 55 BRUR BT 3 57 T i Sl X 2s &

REIR R ARSI TR [ )] P E AL TR S48, 2016, 36
(12) :3292-3305.
WANG Weiliang, WANG Dan, JIA Hongjie, et al. Review of steady-
state analysis of typical regional integrated energy system under the
background of energy internet[ J]. Proceedings of the CSEE,2016,
36(12) :3292-3305.

[ 4 ] GEIDL M,KOEPPEL G,FAVRE-PERROD P et al. Energy hubs for
the future [ J ]. IEEE Power and Energy Magazine,2007,5(1):
24-30.

[ 5] GEIDL M,ANDERSSON G. A modeling and optimization approach
for multiple energy carrier power flow [ C] // 2005 IEEE Russia
Power Tech. St. Petersburg, Russia: IEEE,2005.1-7.

[ 6 ] KOEPPEL G A. Reliability considerations of future energy systems:
multi-carrier systems and the effect of energy storage[ D]. Zurich,
Switzerland ; Swiss Federal Institute of Technology,2007.

[ 7] B8R, 3EF RTFME A ETREIRAEL AR M X IZE G B R 5L
SRZALTREE[T]. BT H 34 ,2017,37(6) - 171-178.
HAO Ran, Al Qian,ZHU Yuchao, et al. Hierarchical optimal dis-
patch based on energy hub for regional integrated energy system
[J]. Electric Power Automation Equipment,2017,37(6) ;171-178.

[ 8] MAGO P J,CHAMRA L M. Analysis and optimization of CHP sys-
tems based on energy, economical ,and environmental considerations
[J]. Energy and Buildings,2009,41(10) :1099-1106.

[ 9] LIU M X,SHI Y,FANG F. A new operation strategy for CCHP sys-
tems with hybrid chillers[ J]. Applied Energy,2012,95(2) ; 164-
173.

(107 Tl , BhisC, 3697, 45, ¥ ARl I A1 i 0 0 s Va] 52 30 Y
JrEL)]. ER AL TR 4R ,2013,33(31) :26-33.

WANG Chengshan ,HONG Bowen,GUO Li, et al. A general modeling
method for optimal dispatch of combined cooling, heating and power
microgrid[ J]. Proceedings of the CSEE,2013,33(31) :26-33.

[11] 700, AR 5E. FET W30 Z BT ol el X H L
5E[)]. My A kil #r,2017,37(6) :260-267.

JIANG Ziging, HAO Ran, Al Qian. Interaction mechanism of indus-
trial park based on multi-energy complementation [ J ]. Electric
Power Automation Equipment,2017,37(6) :260-267.

(12] B, WRimes, XIEHL, 45, & nl A BEUR A 3100 v — T 2
WONEL S = AT [T]. B A B4, 2017,37(6)
275-281.
GAN Lin,CHEN Yuwei, LIU Yuquan,et al. Coordinative optimization
of multiple energy flows for microgrid with renewable energy re-
sources and case study[ J . Electric Power Automation Equipment ,
2017,37(6) :275-281.

[13] GUO Li,LIU Wenjian,CAI Jiejin, et al. A two-stage optimal planning

and design method for combined cooling, heat and power microgrid

system[ J]. Energy Conversion and Management, 2013, 74 433-
445.
[14] BARATI F,SEIFI H,SEPASIAN M S, et al. Multi-period integrated
framework of generation, transmission,and natural gas grid expansion
planning for large-scale systems[ J]. IEEE Transactions on Power
Systems,2015,30(5) :2527-2537.
X BRRCER INBE, 4. e L IBRAIE R e Y = R R R AR AL
Bt rk[ 1], hER AL TR ,2015,35(15) :3785-3793.
ZHAO Feng,ZHANG Chenghui,SUN bo, et al. Three-stage collabo-
rative global optimization design method of combined cooling heating
and power[ J |. Proceedings of the CSEE, 2015,35 (15):3785-
3793.
[16] QIU J,DONG Z Y,ZHAO J H, et al. Multi-stage flexible expansion
co-planning under uncertainties in a combined electricity and gas
market[ J |. IEEE Transactions on Power Systems,2015,30(4) .
2119-2129.
SITHLL, EI0, A, fe I BRI T ik KRB T]. b
AL T R3] ,2017,37(22) :6445-6462,6757.
BIE Zhaohong, WANG Xu,HU Yuan. Review and prospect of plan-
ning of energy internet [ J ]. Proceedings of the CSEE, 2017, 37
(22) :6445-6462,6757.
(18] [T M, Tk, PhE o 4. T 42 55 i Jol 400 mO AR (9 T Hl 190 28
LM A RE R SEA PR LA ()], A AR, 2015,39 (1) : 264-
270.
XIANG Yupeng, WEI Zhinong, SUN Guoqiang, et al. Optimal allo-
cation of battery energy storage system in distribution network based
on life cycle cost[ J]. Power System Technology,2015,39( 1) :264-
270.
H /NG, AR, B e, 5. A E AR IR I AL 2R e 5 A 1 AL I
[J]. A E R TR, 2012,32(32) :8-14.
XTAO Xiaoging, KAN Weimin, YANG Yun,et al. Superstructure-based
optimal planning of cogeneration systems with storage[ J]. Procee-
dings of the CSEE,2012,32(32) :8-14.
M, BRI M, 45, SR T il 28 Pl AR 4
SARER AR A ERELT]. T H AR, 2016,31(14) : 11-20.
XUE Xiaodai, CHEN Xiaotao, MEI Shengwei, et al. Performance of

non-supplementary fired compressed air energy storage with molten

[15

[

[17

[

[19

[

[20

—

salt heat storage[ J]. Transactions of China Electrotechnical Society,
2016,31(14) :11-20.

[21] HSEH, TRRE 20 S5, & H i 25 SRR Y B9 52 5 ik R L
AREEBASHI]. -ITRGEAME,2015,39(10) :36-41.
TIAN Chongyi, ZHANG Chenghui, LI Ke, et al. Composite energy
storage technology with compressed air energy storage in microgrid
and its cost analysis[ J]. Automation of Electric Power Systems,
2015,39(10) :36-41.

[22] skf=TC. MHAERRL S AR MR REBOR [ M. LB Bho b Rk,
2009:285-293.

(23] tHaer 3636, SR, BT ShAa 1T oRmE i TR R VR i o ML)
JrE[I]. IRG A EME,2012,36(19) :30-36.

YANG Yanhong, PEI Wei, QI Zhiping. Planning method for hybrid
energy microgrid based on dynamic operation strategy[ J]. Automa-
tion of Electric Power Systems,2012,36(19) ;30-36.

[24] BDI initiative. Internet of energy ICT for energy markets of the fu-
ture, BDI n0.439[ R]. Berlin, Germany ; Federation of German In-
dustries , 2008.

[25] BAIR, TR, X w30, 45 3Tl Al U5 L 166 1) ) g Ak 2= i



2] & 0 8 % w it % %39 3%

JrEat (1], TR S A B, 2015,39(9) :26-33.
HUANG Renle, PU Tianjiao,LIU Kewen, et al. Design of hierarchy & L (1973—), B, HdFA, S
BIANE AL, EENF R RGNS

BRI AR e B R S o A AR

and functions of regional energy internet and its demonstration ap-

plications [ J]. Automation of Electric Power Systems, 2015, 39

(9) :26-33. (E-mail : h jtu@126 )
[26] EE6. 3T % FRR BB MR IIEBIE D). 1. i O
J1%:B%,2013. X FHA(1971—), B, 3 d bkl A 3

BABRIARN, ML, ZAF LA %
multi-objective[ D]. Shanghai: Shanghai University of Electric Po- BATHRAC G B F AR RMBERF 5 @y
wer,2013. I AF (E-mail ;927962335@qq.com)

QIU Haiwei. Research of microgrid optimal operation based on

Optimal configuration of multi-energy storage in regional integrated energy
system considering multi-energy complementation

XIONG Wen',LIU Yuquan',SU Wanhuang' ,HAO Ran®, WANG Yue®, Al Qian’
(1. Guangzhou Power Supply Company of China Southern Grid, Guangzhou 510000, China;

2. School of Electrical and Information Engineering,Shanghai Jiao Tong University , Shanghai 200240, China)
Abstract : The configuration of multi-energy storage devices in the RIES ( Regional Integrated Energy System) can
greatly improve the economic benefits of the system and it is an important research direction of RIES planning. Based
on the infrastructure and model of RIES,the profit strategies of cooling storage , heating storage , power energy storage
and hybrid energy storage in the multi-energy complementation synergistic operation of CCHP ( Combined Cooling,
Heating and Power) units and electric refrigeration equipment are studied, the economy and feasibility of different
energy storage configurations are discussed. A bi-level optimization model for life-cycle dispatching planning of coo-
ling-heating-power energy storage is established, which is solved by the deterministic iterative algorithm. Based on
the different daily load curves in multiple power-supply seasons of an actual RIES,the proposed bi-level optimization
model is used to solve the operation scheduling scheme and the capacity configuration of energy storages. Simulative
results show that the configuration of cooling storage and heating storage in the RIES has a greater profit margin,
while the configuration of power energy storage has a smaller profit margin and the configuration of hybrid energy
storage can further excavate the profitability of the system.

Key words: cooling-heating-power energy storage; hybrid energy storage; bi-level optimization ; regional integrated
energy system ;multi-energy complementation ;optimal configuration
P S U U S
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Ordered charging strategy of electric vehicles at charging station on highway

CHEN Lixing' ,HUANG Xueliang”
(1. School of Electrical & Information Engineering, Jiangsu University of Technology , Changzhou 213001, China;
2. School of Electrical Engineering,Southeast University , Nanjing 210096, China )

Abstract : In order to solve the disordered charging problem of EVs( Electric Vehicles) at charging station on high-
way ,an ordered charging strategy based on the new electricity pricing mechanism, which can motivate the users to
adjust their charging time,is proposed considering the operation state of charging station and the charging behavior of
EV users. The queuing model of charging station is established to verify the effectiveness of the ordered charging
strategy , and the charging behaviors of 746,480 and 240 battery EVs in the charging station from 00:00 to 24:00 are
simulated respectively by Monte Carlo method and queuing algorithm according to related data. Simulative results
show that compared with the disordered charging strategy , the ordered charging strategy can not only reduce the char-
ging costs and waiting times of EV users,but also increase the utilization ratio of charging facilities in the charging
station and reduce the influence on the highway traffic.
Key words : charging station on highway ;electric vehicles;charging price ;ordered charging; queuing algorithm ; Monte

Carlo method ;models
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