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Fig.1 Schematic digram of park level integrated energy
system based on public energy storage
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Fig.2 Incremental revenue flow during
“valley charging and peak discharging” mode
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Table 1 Incremental revenue distribution during

“valley charging and peak discharging” mode

W ts 7 Eee i

REUR M55 A v 5,(8,-1)Q,
LW 31(1_81)05'7‘
fHREFL T 5,0,0,1,75,0,Q,




288 & D 8 &t B 39 %
142 “E:BEM TIOK S 5 EAEX 2.1.2 A mA

22 25 N BT S IR A A X FE TR P M ZEA BRI R GRS = IR ALAE 23 8 R R,
it AN SUEREIB I BRI AN A BN IR R AL iFEARIT .
FH, | D90 B A 5 R T G AR Ay HeL 3T E S B AN AT a,=s,T,P,qn,, (11)

FUTRC AL, R I3k AT T M A A X B o T B
bR 2= HAb T R G IH AN, b G o A X AR A

L T X 2R R IR R A4S W s . 3 IR A
AW 3R,
o3 A R TG e 4 Bai i W T
HAM T RE HANWT RS
' HEUE
: . R e e — H)
| iﬁ% : LTSS 7Y Pmi— eyt

SRR, — - S SRS, — I
B3 “EBEMNIAESERERESR
Fig.3 Incremental revenue flow during

“transfer absorption” mode

B A AR IR R0 S kA RE SR LA R
8, JEIF LA A By A RETBCRAE AN 8, 4% IR S
R TT 56 A A IS Ak 2 R o
R2 “HEBHEMN TREEEFESWHRSE
Table 2 Incremental revenue distribution during
“transfer absorption” mode

sty EpiiEn
REUR R 552 W) ky(8,-1)Q,
CEW) il k,(1-8,)Q0.m,
TBRERR T k,0,0.m.~k050,

2 ZFEERE

16 LR H BT el IX 25 5 RE R &R 48 LK 32
P BGH iz B . SR A RRIR RIS TFARL
255 HT T e T B4 e e L R R 2 I
FASKE B MRS R IR AN A B R S A s TS
BLGAITRGARIERE 2 Fm A . AT
P R L A AT BT S 25 BRI R A A R )
RGBT
2.1 IBITRAR

CEE BRI RS s 1T AR T B FE R
A SRR A 32 L AT AR 425
2.1.1 FFmA

BT AP TR AT

alzz(alli+al2i+a13i) (9)
=1

Hrp a, A NAS 50, 8 @, 53 5 R 50 i A4 R
BAS RN A 22 A, AT AR A T AR R AU AT
WS 5 ay, W TCEE 19 R £ BUAS , 2 S04 R
R % A 8 %ot 55, in= (10) Fiii .
a,3=0.08(a,,+a,,) (10)

oA a, IRRBEUAS 55, i AR ZMAS s TR HEBLAE K&
HL/INETES PR RIS & FL TR s, AR R HLAK
g HIBATAERR A SCHE 20 a % JE
2.1.3 iEHEmA
IEYE AT A A
L oaa,(1-B7)
a3=;71_18 (12)
Hrp, a, WIBHENA 5 ), 55 i DB BT INAS 5
R —AF 1B YR A AR AR Y L 1B 5 B R B A AR
AT Y LA
2.1.4 WA
H R A R K B R AR I A T AR W] e
LD\ FEL O U FL D0 LAY 6 e 1 b — P8 T o S
Wit HEI AT
a4=zio,,s, (13)

Horb, a, WA HL A 5 Q20 5% i A LA TE 7 I B (1 |
A T ) D R 4 I LS s Sy 7 ISP B FRLAT o
22 BT E

Pl X 25 5 B VR R GE 1 aa A TR 4 T EE A5 B Ha i
i HEVS /PR R I £E 32
221 EdKkHE

B R AT oo A & B & B Ikss A B
B H s A RE TR FA 25 0 s — R0 -

b,=b, +b,+b,, (14)

Horr, b B EIER 0,0 B & A IS 56, 0
A B LIRS s b, WA RE FE R A 220 RS

F T e DX A HRURT S B H 08 87 g Rk B AN
], 43 A HOCAR TH R R, W57 08 . 45K
srlices A R

b=Y S(T.0,+T,0,) Psg (15)

Fovn, T AT, 23500 D 5 o b A 2R U8 AR HORTY
B H AR L /NE RS 0, 11 0, 23591 D 58 i i A1 20
PRCAE BRI (B H BT A A i A ISR PO SR iRl )
A 2 HL PR A A R

b= [T, (1-6,)+T, (1-6,) [Ps,q (16)
=1

Horrs, A M EAN
by=(n.s,-5,) Q.. (17)

Hob o it RE R Hl ST R g



5 8 A

FIOA 5 [ X 2 R R 0 T2 A M 5 B R T D

222 A/ POk E
BB / RS T ST

bzzz[( Toi+Ty) Pus H(Ty+ 1) Phish] (18)
i=1

Horb b, A% / R 5 T, A0 T, 205 5 i A B
TEBEVS 25 TAE H A5 i H A AEF /N 5 T, 0
T 7300 2 i A B A A IR AR HORIAS (B H A 4E
FIFI/INIE B PP o350 DR 2 S B0 1 30E il v
FOHIFAI 2 55 BV A% 55, A HERAHIA%
223 AMIEIKE

HIMU A 26 32 A [ S o A OB AR & HL i b
W, 5T X

b,=P,T, 45, (19)

For, b AN RS 5 P, AR E D365 T, IR
SRR /NI R 8,, R IR EE HL AP
23 BiREH

ARSCH IR TR , AR PREANT -

A 7
maXfZ;bk—Z(z, (20)
= =1

Horpr, o bl X 255 BE IR R G0 B4 s 7 WERS RETR R
G AR T AR s A LR A BETR R G 25 2 9
Bt b, NER G BB R G b RUAR s 0, WERG BETR
RGO

2.4 FiE R i 9% E 4R 2R

T Ry B9 X
;bk —Zal
y=

== x100% (21)
2.
25 REETHREMN
el X 25 R IR R LI R L is AT A HUR P A
S AL DR BB AT B DR AL
e E R B SR A LY AU RE R R
I T

2.6 KEFHE

ARSORHHRHL IR A RE K F RESF B
S S CEL AIDE |2 SR AT RIS E2 SR A) Y |
A ) U A b R B B M L T R 3R
HEE AR AFHEA T 3R A

3 EESZARERZILIETR
A Bl DX PN 35 e B ) o0 A SR IR A 25 RE TR &
G TAR B, s A, el X255 REIR R AL L1

WE4Ca) i FEl X N3 24 K, K T 22
SRyl e, DX I 3222 ALK L sl g By, X[
LS. MXANF3INTFRE, FRAE T &
173.2 kW A KGR, 7248 1 & 70 kW 434 20k
K15 MW SR =R AIEHLZE 0.3 MW K EBE .1 MW
HE IR 5%, T R 48 5 400 kW 4341 OB 1K
0.3 MW /K E ¥4 1 MW HiL VIR 25 15 45 F11300 kW +h
B EE E LA B IR A . O S L T B T S g
(400 kW -h) [ ZE A RETR H I 240, i 4(b) Fis
SCEE T XA T AN AR A s 17
30 XEREBREARBERENTAN
3.1.1  ARAEm A M AT

255 4(b) iR HBRSLEHE 3T REZ
JF1) 30 1o BB 2% T 56 (LS ) 52 B B, fay Ak #m F IR & 5
FIER .

HIHT AT R kAR, ekt Rg Nk
il s DX 3 Ry 7 oy (AL RE B g iy BB ) RS AL RE RS
) A B, 25 P A7 30 e, R ] sl s, D) 2 s o 7 7 4
15 B, YT ARG5S i 1 K B AR
N HELRTT I (PCC) , A BRE T 6, S B S sh A5 21
D), AR BT 22 45 AT IR 2 4k ) BB T R At R,
WERT A A e D R . K3 i
bl [X 254 BEVR T 22 40 LK T i Ib B e MR TEAS 245
RIES NN EIHTIZER) .

ATIEH, FRE BB, 8 S sh S 4K,

b 1T

i 1

o C
¢10kV 0kV

2@

&

457K 25 i
P



D ® D 8 it b %39 %
B3 1 b I

4 \
TTTTTTTTTTLTTTTTTTT T : _____________________ ]
i Ll0kv EJ i
L ? - % % !
: : ) |
k2K | L L 2 4K 2 B
% e | p A BL g |
AL | !
| LS, | 30V
Tl !
T ey | o i
| | | !
| L HE |
| oot T ! | Otg o sl |
i ! T B35tk Tee

i : ! EE THREI

e T ¢
2GR
(b) IS
H4 HoatBERsr s IRERN. EEHE

Fig.4 Structure of an integrated energy system before and after interconnection
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Table 3 Energy supply security evaluation results
before and after interconnection
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Research on interconnection security and operation mode of
park level integrated energy system
WANG Xudong',DING Yi*,MA Shigian®’,CAO Baoyi’,ZHANG Liming'
(1. State Grid Tianjin Electric Power Company,Tianjin 300010, China;

2. State Grid Tianjin Electric Power Research Institute,Tianjin 300384, China;

3. State Grid Tianjin Dongli Electric Power Company,Tianjin 300000, China)
Abstract: Firstly, an interconnection scheme of park level integrated energy system based on public energy
storage is proposed. The system interconnected with DC buses of public energy storage can operate in
closed-loop mode at low voltage side. Secondly, the real-time dynamic networking is proposed to improve
system energy supply security,and the comprehensive energy optimization and dispatching technology is de-
veloped to realize the complete consumption of distributed power generation in local area. Meanwhile, the
energy supply security and technical economy of the park level integrated energy system are analyzed and
compared before and after interconnection. Aiming at the incremental revenue,a multi-investment business
pattern is proposed to achieve tripartite win-win situation among energy storage investors, energy service
companies and users. Finally, the research achievements are applied to a practical park level integrated
energy system renovation project,and the operation results verify the innovation of the theoretical technology.
Key words:public energy storage;integrated energy system;energy supply security;dynamic networking;busi-
ness pattern
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Economic optimal operation of microgrid integrated energy system with

electricity,gas and heat storage
SHI Quansheng, DING Jianyong, LIU Kun,YAN Wei
(College of Economics Management,Shanghai University of Electric Power,Shanghai 200090, China)

Abstract: The anti-peak regulation characteristic of wind power and the “power determined by heat” mode
in the heating season lead to serious phenomenon of wind curtailment, resulting in energy waste. With the
promotion of energy internet,the development of integrated energy system and the emergence of various ener-
gy storage modes,the utilization rate of wind power can be improved by establishing the operation mode of
integrated energy system which contains three energy storage modes of electricity, gas and heat. The bat-
tery, heat storage electric boiler and P2G (Power to Gas) technology are applied to the microgrid system,
and the economic optimal operation model of the microgrid integrated energy system is established with
the minimum cost as its objective function. Four schemes are compared and analyzed,the feasibility of the
scheme is verified by examples,and the influence of wind power output and load uncertainty on benefits is
analyzed. The results show that the integrated energy system containing three energy storage modes can de-
crease the abandoned wind power,reduce the costs of environmental pollution control,improve the economic
benefits,and have a good application prospect.

Key words:integrated energy system;wind curtailment;power to gas;heat storage electric boiler;electric bat-

teries;energy storage;microgrid;economic operation;models



