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Fig.2 Wind power and photovoltaic forecast output,
actual output and load power

A ) SRR BB R K L SR/ DN LI E 4 5
260, 60 MW; HIBEFE L R0 0.837 9 MW-h/t;
S AR R BCN 53.751 4 MW-Wt; &SR %R
h0.93; A Ak H I A AR AR B B 1.49,
0.189; ik ) A RE /™ fh 35 — Kiz 2% ] 500 km 7
PR ML DX, FE PR ) i £ 2 FH R R A b B b X G 2
2.5 J6/(t-d), HEEB KM A% R 0.5 T8/ (t-km)
PiZE EV DL K& CACS R A HLIt & S5 S 2% SCk
(120 A SClk (151, B PIZE EV 4% 1000 4, 128
EV 7E 9 I} A1 12 B AL T A7 BOIR 2, 4730 FLAR34
22 km, 112§ EV 7 8 I 12 Bf | 15 B A1 20 B 40 T
PR, 4730 B AR 8 kmy B Bk 22 5 S

Hr 80 JC/, IX ] E R£100 t, 2RI K 2R KH 2;
X A1 HL A2 7 Wy i 20 5 e HE S R 0,824 6 /(MW -h),
W) L AR LA 610 g/(KW-h) o
42 FEHARUESHIT

S Xk LU A3 B FEBEAA R L 5 2K i N R B ARk 3E &)
X T ) SUA R RN SR i B i) VPP 38 AT AR |
FH P oA DA B i 32 5 JAR T B2 ), 1523 6 Foxt
e, Hodhr € 6 s firesr i) VPP flifbizfr
T, Ay s ROy f¥ 5t oy %, BARE &
TR, 6 F )52 A VPP £ 382 1A Rl 25 48
fRE5 N 2 PR, LSRN 3 fin .

&1 VPPILLAR
Table 1 VPP comparison programme
% CACS EV WbbEkzsh Affne HEEEGE
1 X \ \ X v
2 v X \ X v
3 v \ X X v
4 \/ \ \ X X
5NN N N x
6 N N N x N
T R IR R PRI xR R TR
FRANEC B,

TR % 2 78 LR AL 4 IR 2% R R
4 CACS 1 EV #4775 K )i, CACS 2 PN ik B2
PAFEAE 26 °C, BV R T s L Ah & H R AT FE L .
5% 6 Fu03 75 JEAS B AT, W04 7 far r 2 AR 28

&2 A[FE VPP RM B A MU ER

Table 2 Optimisation results of costs and benefits of different VPP build scenarios

T e A B e
1 179 285.11 -1.54x10"* 71318.34 252272.87 6799.41 —44 621.83 4991.56 937 830.40 1860 876.32
2 174 420.64 10 726.49 73 341.32 252 685.45 8002.06 —42484.80 22226.64 1009902.21 1896 868.45
3 174 021.53 -1.52x10" 71221.96 252 136.31 675277 —18613.89  5497.44 933 053.56 1889 247.96
4 123 971.29 ~1.64x10* 68 960.69 251 985.65 6752.39 1022.14  453713.64  51017.49 0
5 174 021.53 -1.52x10" 71221.96 252 136.31 675277  65679.70 5497.44 933 053.56 4003 601.83
6 174 021.53 -1.52x10"* 71221.96 252 136.31 6 752.77 —45069.45 5497.44 933 053.56 1860 876.34
*£3 AEVPPHEAERNEMIHAEER
Table 3 Scheduling results for each part of different VPP build scenarios
N PN g 4 Y kot g
B ey ERE MWL) TG (VW) 4 R ey HEBRE S tonw-) o | SR LR
1 464.313 57.3 215.716 816.673 657.025 16.639 1 456.449 346.895 4080
2 457.111 35.5 220.164 817.851 679.006 74.089 1 483.720 346.895 4080
3 456.524 573 215.706 816.673 652.421 18.325 1450.736 346.895 4080
4 456.524 573 215.664 815.852 52.568 1512.379 65.221 0 0
5 456.524 573 215.706 816.673 1 154.500 18.325 1 450.736 94.907 4080
6 456.524 573 215.706 816.673 652.421 18.325 1450.736 346.895 4080
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Fig.3 Stackelberg equilibrium convergence results
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Fig.4 Master-slave game tariff optimization results
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Hierarchical optimal control of virtual power plants for source-network-load-storage

LI Zhaoze, ZHANG Jihong, WU Zhenkui, ZHANG Zilei, HE Qingsong
(School of Automation and Electrical Engineering, Inner Mongolia University of

Science and Technology, Baotou 014010, China)

Abstract: The catalytic synthesis of methanol from hydrogen and carbon dioxide is the key to solving the technical problem of

"production, storage, transportation, addition, and utilization" of hydrogen energy. This study highlights a mathematical model

of generalized energy storage for methanol synthesis. It focuses on the design of a layered optimization and control scheme for

a virtual power plant, focusing on source-network load-storage. The upper layer of the plant encompasses that of generalized

energy storage for use with wind power and photovoltaics proposed, which can track several factors. Such factors are

generation scheduling, the introduction of virtual power plants to consumers of the master-slave game theory, the use of genetic

algorithms to hone the price of electricity at different times of the day, and responses to user demands, thus reducing the net

load peak and valley differences. The lower layer is comprised of external power trading as the ultimate guarantee. This shall be

combined with generalized energy storage to achieve balance between power supply and power demand, especially the Sinh

Cosh optimization algorithm, to enhance the source storage and ensure that the virtual power plant operates under low carbon

conditions. Finally, compared to different schemes, the proposed scheme can effectively increase the level of renewable energy

consumption and promote regional decarbonization. Also, the proposed scheme can improve the comprehensive operational

efficiency of virtual power plants.

Keywords: virtual power plant; generalized energy storage; Stackelberg game; demand response; tiered carbon trading; Sinh

Cosh optimization algorithm
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