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Energy Pricing and Management for Park-level Energy Internets with
Electric Vehicles and Power-to-gas Devices

LI Yuan', FENG Changsen', WEN Fushuan', WANG Ke*, HUANG Yuchun®
(1. College of Electrical Engineering. Zhejiang University, Hangzhou 310027, China;
2. Guangzhou Power Supply Company Limited, Guangzhou 510620, China)

Abstract; Significant benefits in economics and environment could be attained from the development of Energy Internets, with
the objectives of implementing complementarity, coordination and optimization among multi-energy systems. Recent
developments in some key technologies, such as vehicle to grid (V2G) and power to gas (P2G), impose new requirements for
the energy management of multiple kinds of energy in an energy internet. Given this background, a park-level Energy Internet
(PED with integrated electric vehicles (EVs) and P2G devices is addressed. First, an interactive framework of the PEI is
proposed, including the energy suppliers, park operator and user agent. A Stackelberg game model is then established, in
which the park operator and user agent rationally seek optimal strategies to maximize their own benefits. The park operator
(the leader) determines the optimal energy procurement portfolio from the energy suppliers, the optimal operation strategy of
owned devices and sets prices for various kinds of energy for the user agent while the user agent (the follower) adjusts the
energy consumption profile with respect to dynamic energy price signals. Next, the Stackelberg game model is transformed into
a mixed integer linear programming problem through jointly employing the KKT (Karush-Kuhn-Tucker) optimality condition,
the duality theory and the relaxation technology, and then solved with the well-developed YALMIP/GUROBI commercial
solver. Finally, a sample industrial park is employed to demonstrate the presented model and solution method. The
performances of V2G and P2G in promoting the overall economic benefits, as well as enhancing the capability of
accommodating wind power, are also analyzed.

This work is supported by National Natural Science Foundation of China (No. 51477151).

Key words: park-level Energy Internet (PED ; energy pricing; energy management; Stackelberg game; vehicle to grid (V2G) ;

power to gas (P2G)
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Fig.B1 The prices of electrical energy and natural gas determined by an energy supplier

*Bl1 ABTEARNBRERHASBEAER. SOEMARGETEE
Table Bl Maximum wind power outputs, electric loads, gas loads and heat loads in a typical working day

I B 1 2 3 4 5 6 7 8 9 10 11 12
B A7 i (MW) 6.7 6.3 6 5.9 6.2 7 7.6 8.4 9.7 10 10 8.6
AT (MW) 27 25 24 236 242 2.8 3 33 39 42 42 338

AT (MW) 7.4 684 684 636 636 596 564 5.4 5.24 5.1 584  6.28
R HL (MW) 935 908 862 787 7 625 52 425 324 282 324 36
I B 13 14 15 16 17 18 19 20 21 22 23 24

HL B (MW) 8.4 8.2 8 7.8 8 8.8 10 104 99 7 6.8 6.6
KA (MW) 372 368 32 3.12 32 352 4 416  3.96 28 272 264
AT (MW) 6 5.4 516  5.64 5.8 5.8 6.2 6.5 676 684 724 7.8
R HL (MW) 308 284 28 29 302 27 258 342 484 638 793 89

R B2 HERBAEREFHEASH

Table B2 Technical parameters of energy flow coupling devices

g ZH Bl Wt ZH g
BUEDIZ (MW) 8 BRENZE (MW) 6
AR eI 2 FPR - (KW/min) 40 e 2 FPR - (kWimin) 20
eI 2 RFR (KW/min) 20 CHP eIz 2 FER - (KwW/min) 10
10 (%) 75 Ne.chp (%) 35
PG BUEDIZ (MW) 14 Mncnp (%) 35
Mp2g (%) 60

# B3 fAEEREMNBEARSH
Table B3 Technical parameters of energy storage devices
fifRERE  C(MWh) S S Pax (MW) Pl (MW)  o° Ny My
fiti 2 02 09 0.8 1 0001 09 09
i< 3 02 09 15 21 0.003 095 095
fifi 25 02 09 1.25 15 0.005 0.85 0.85
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Table B4 Parameters setting associated with traffic behaviors of EVs

SN E
N /usoc O—soc luarr O_arr /udep Gdep
EV /A
Spoit! 0.5 0.1 8.92 3.24 17.47 341
PR 05 0.1 17.47 341 892(kH) 324
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Fig.C1 Comparisons of electric price curves determined by the operator among 4 scenarios
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Fig.C2 Comparisons of gas price curves determined by the operator among 4 scenarios
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Fig.C3 Various kinds of gas power and price in the PEI

under scenarios 1-3
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