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Abstract: In view of the problem that power supply enterprises have a large number of power supply tasks and occupy a large amount
of manpower and material costs in China, an operation model of power-guaranteed microgrid based on multi-party game among
photovoltaic investors, energy storage investors and microgrid operators is proposed, considering the technical economy of distributed
photovoltaic, user-side energy storage and microgrid in the field of power supply protection. Firstly, for the current emergency power
supply vehicles or power generation vehicles, there are problems such as low asset utilization, environmental protection, and noise pol-
lution, the idea of power supply protection for photovoltaic-storage microgrid instead of emergency power supply vehicles or power
generation vehicles is discussed in detail. Then, based on the benefits and subsidies of microgrid participating in power supply protec-
tion, considering the distribution of photovoltaic power generation and its selling price among the photovoltaic -storage-microgrid, the
investment cost and benefit composition of the three investment entities are analyzed, and the cooperative game method is used to
optimize and discuss the interest equilibrium points of the three investment entities, so that the benefits of the three entities can be
optimized at the same time. Finally, the economic benefits of photovoltaic investors, energy storage investors, and microgrid opera-
tors of the operation model proposed in this paper are analyzed through examples.
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Tab. 2 Parameters table of equipment cost

WK oA PR Hifi
BTG (T kW) 3600
SRR BRI (TR kW) 69. 204
Ak AR T/ (G- kWh) 1 600

fitkfie R 5L IR A RERE/ (ST kW) 800
B (GE - kWh) 78. 84

Ffh i #5100 370

G H &4t/ H) 8 000

WERE S/ (T H) 12 000

®3 EEMRSEE

Tab. 3 Parameters table of equipment property

WA AR SRR I fE
AR 0.95

KRR G AR 0.05
EI /(G - kWh™) 0.45

TR 0.9

ARG Soc 02
Sin 0.1

S G 0.01

F4 Tl RABSETEMN

Tab. 4 Time-of-use prices of industrial electricity

e g sf Bt S B A Bt Bt
HLA /(OG- kWh™) 1.232 0.779 0.291
10—12 810
s B 12—16 0—8
16—21
21—24
i /h 7 9 8
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Fig. 3 Charge and discharge powers of energy storage
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Fig.4 Cooperative game between energy storage and microgrid
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Fig. 6 Electricity trading between of photovoltaic
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Fig. 7 Electricity trading at the moment of energy storage

charging
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Tab. 5 Photovoltaic investors transaction costs and benefits

Vil
W zg E-SyEiy N A Ve H1EE
. 5fttesc s 0 17.544
Wezg o
SHL A5 375. 968 371.783
Al PR 375. 968 389. 327

*6 fEEERFABIZIZBAMY T

Tab. 6 Energy storage investors transaction costs and benefits

AT
A FI R F IR R AAER HEE
. PR 0 17. 544
LR 86. 789 55.922
Weti SMPzes 162. 047 162. 047
Frll e 22 G LA 75.258 88. 581

3.1 R EMBEMNREEDHT
EASCARER R AHRES TR AL M R
EEIEE A MR A E S N R AE THOLIR M A
W, ARTRARTOI H R L R EL A X - -3
Z ERG YRz E IR IR . ARG 3 4R R A
KM BN TR LR, B E R 8 s 3

R7 WHEMIZERRZ S MY R

Tab. 7 Microgrid investors transaction costs and benefits

AT
AR A 2 - SyEi=t HAERT GEE
AR 52 375. 968 371.783
N 5i#iesc s 86. 789 55.922
s o
S5HPz5 649. 737 689. 705
G PR 360. 558 373. 844

FOCR LR AN 5, o5t 3 AT 5 i v 4
HIEEA 5
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Tab. 8 Scenarios for feed in tariffs of photovoltaic  5¢/kWh

Fik Y1 %2 53
Hefk 0.35 0.4 0.45

R O—11 B AOCIRE TR | A BES TR Ak
HL Rz B R L 3 R T AR is TR AR I s 45
Ho M3 TR AR LT 458
£9 FRGRHKRATA MERIESBHE L
Tab. 9 Comparisons of operation net incomes for photovoltaic
investors before and after cooperation in different scenarios

S Y Y2 E575 )
S EinEd eI 292. 420 334. 194 375. 968
GRS T T 311.451 350. 401 389. 327
Hl R I T 19. 031 16.207 13.359
s 3 LA/ % 6.508 4.850 3.553

®10 FEBRAREEESIER R FWEEITLL
Tab. 10 Comparisons of operation net incomes for energy
storage investors before and after cooperation in different

scenarios
ZH 59| Y2 W53
G YERTEC SR T oT 75.258 75.258 75.258
BRI ST oG 94. 250 91.434 88. 581
Hl G 5T o 18.992 16.176 13.323
il as B LG 1511% 25.236 21. 494 17.703

1) 2% FE ARt i AU A0 R O R0 25 5 AR I 3 k-
- A AEEZE, eIk B 250k 0. 35 7T/
kWh., 0.47J0/kWh, 0.45J0/kKWhi 3Rz T, %
FRAGAEIZ E G RE I R R IE T . 7F
3R RN, MR TR, A1EEE R
Ay HIHEES 6. 508 % . 4. 850 %F13.553 %. X TAEfg
BeoE R, AR B R IR i R 25. 236 % .
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Tab. 11 Comparisons of operation net incomes for microgrid
investors before and after cooperation in different scenarios

ZH i ) W53
A AERTEILES T 7T 444.106 402. 332 360. 558
AAEIREEE T TE 463. 072 418. 461 373. 844
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a5 B LB/ 4.271 4.009 3.685

21.494 %f117.703 % . X THE Mz ER, S1Ez
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