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Abstract The power system is evolving from Smart Grid to Energy Internet with the development of new energy tech-
nologies and Internet technologies. Distributed energy resources will become the main primary energy in the future Ener-
gy Internet. In this situation,virtual power plant technology plays an important role in the convergence of distributed
power generation resources and the establishment of virtual power resource transactions. As a new distributed compu-
ting paradigm,blockchain has the characteristics of security. transparency and decentralization. This paper proposed a
blockchain based virtual power plant model for the future Energy Internet driven by real-time electricity price. The coor-
dinated control method of virtual power plant and the independent grid connected behavior of distributed energy re-
sources are organically linked by the incentive mechanism of blockchain,so as to realize the distributed dispatching cal-
culation of virtual power plant. Simulation results show that the proposed model meets the grid-connected requirements

of high penetration, high freedom, high frequency and high speed of distributed energy resources in the future Energy
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Fig. 1 VPP model based on blockchain
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Fig. 6 Improved POW consensus mechanism
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Table 2 DER grid-connected data/ MW

DER BHAW  EAFR FEARFA ¥ AR 5 AR

RS BE RETR HEEER Hwk om Kb on
6 1.031 3.21 4. 469 55.67 —57.12
8 0.748 2.89 6.482 18. 04 97.32
9 1.048 2.87 5.562 34.45 50. 33
10 0.851 2.82 5.209 26.62 64.89
13 0.831 3.05 3.699 57.03 —27.22
17 0.481 2.31 3. 889 63.75 —49. 42
20 0.676 2.58 3.364 70.97 —97.56
21 1.425 2.36 7.185 46.19 —27.52
24 0.832 2.93 6.138 52.21 —24.56
25 1.221 2.96 5.039 45.93 —17.93
28 0.773 3.22 4. 257 37.12 22.84
29 0.531 2.86 4,319 63.49 —59. 33
34 1.038 2.83 5.512 43.06 —4.96
37 0.958 2.03 6.612 56.97 —42.83
39 0.537 3.68 3.773 116.23 —287.80
41 0.795 1.97 4,755 60. 66 —57.26
42 0.643 4.08 5.277 56.46 —54.07
45 0.744 2.67 3.266 80.92 —120.70
46 1. 006 2.43 5.834 22.81 69.41
48 0.783 3.28 4. 807 45.43 —11.77
49 1.376 3.66 6.534 63.92 —114.40
50 0.635 3.49 4,975 71.08 —105. 30
51 0.999 3.23 5.411 42.37 29.46
52 0.871 2.98 3.989 63.14 —76.06
53 0. 834 2.62 4.546 51.55 —28.83
54 0.617 2.95 4.213 48.56 0.62
55 1.172 2.98 5.218 57.22 —42.32
56 0,734 3.03 6.566 63. 20 —85. 65
57 0.901 3.43 4.509 36.76 33.13
58 0.694 2.70 5.746 43.83 5.84
60 0.747 3.55 4.753 89.63 —206. 10
62 1.028 3.07 5.072 39.31 39.01
64 0.740 2.32 6.460 61.13 —63.48
65 0.92 3.32 5.200 47.62 7.48
67 0.627 3.47 4.333 75.42 —114.90
70 0.524 2.29 4.616 54.93 —45.16
72 1.013 2.92 4. 817 71.95 —115.00
73 0.926 3. 44 4. 884 32.51 61.76
74 0.863 2.64 4,267 71.68 —99. 56
78 0.725 2.99 5.455 60.08 —81.23
79 1. 406 2.68 5.864 53.72 —58.23
80 0.618 2.41 5.132 32.96 35.40
81 0.710 2.93 5.090 33. 80 53.88

@)
DER BHIEW  EAAR O ERHA AR F AR
A AE KETR ZAELER s om Ko n
83 0.475 2.15 3.325 70.16 —78.61
84 0.612 2.79 4.618 20.74 59.19
85 0.662 2.99 3.948 40.12 —19.83
86 0.778 2.93 4,832 69.91 —100. 90
87 0. 864 3.17 5.666 69.73 —118.10
88 1.087 2.61 6.433 42.11 8.29
90 0. 844 3.67 6.956 52.30 —65.49
93 0.682 3. 11 5.198 11. 88 124. 60
95 0. 854 3. 80 4,826 26. 44 92.13
96 0.909 1.93 5.911 41,46 9.28
98 0.982 2.53 5.508 40. 83 —19.55
99 1.276 3.11 5.494 68.05 —108. 20
100 0.945 2.45 5.835 50. 66 —31.39
101 0. 847 3.42 3.673 24.10 57.43
102 1.073 1.75 5.467 50. 84 —28.81
104 0.743 2.58 5.167 31. 80 43. 85
105 1.042 3.54 4,198 90. 41 —202.50
108 0.790 2.42 4.520 41.50 1.74
110 1.181 3.18 6.099 45.33 —7.28
111 0. 755 3.51 4,435 29.43 71.59
114 0.867 3.81 3.893 73.49 —137.30
115 1. 130 2.82 5.080 46.49 5.05
116 1.075 4.13 6.935 51. 86 —18.22
117 0.731 2.76 5.299 69.00 —101.50

4.2 ERHH

[ 45 261 °F . 43 B % X 3 9 6 DER I G TE (F & 1) .
SR FH 38 R 00 H )AL B R 4% ) DER I RS B (i 1L 2) R
FAJEF XU 09 2 400 B T B A R 25 ) DER JF: 1% T8 (7 2
3 PEATHF S G LI R Sk 3 A
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Table 3 Comparison of simulated experimental results

I Az E1 R 2 fHE 3

£ Rk A E/ MW 1298. 358 979.91 958. 626
Ed X RA/£T 54477, 08 24939, 62 23442, 55
DER # 45 % 5 & /MW — 279.994 241,05
DER 3 #| 3 B % & /MW — - 57.836
DER 7 H & % & /MW - 279.994 298. 886
VPP A i A/ % 76 — 12608. 55 10694. 17
BIEERAK/ET 54477.08 37548.17 35782. 44

A 3 W 4 B/ MW 104. 208 65.752 63.359
o R 5 0.021562 0.021366 0.021395
)k AR A/ E T 41.96 29. 80 28. 45

P5H 2 FUFE 3 456 % IR T i 8 A A Y1 #6 A R
WEREHITEZ Biriib. iE 2 80T E 1 1038 BA AL
T31.08% . A HAEI AT 36.9% M EIMERRMT 0.9%;
Pl 3 AL 1 W2 B AR T 34. 32% . Ty i #E 3 2>
T 39.2% R IMZMEMRT 0.8% 5 1L 2 A IL 3 iy 3 I
B E TR R IE A U B SE ., WAl W, 4 A 2t
fB A5 2 5 AR i 2k B A 2T A R AR v AR L D L ) R
45 W 2 1R 4 T RE BT AR

M VPP i EEXT LT E 2 T E 3 BYSEgmsi R, 7 VPP
BELFBATIRAR T H 3 B0 4 2 bt e s B
TRET2.172% AR AR AR T 6. 003% ; DER I W 2 45 i
1 THT 13.909% 3k $ DER Jf M & 7 K By 75. 05% ; VPP
BB AR T 4. 703 % , AR R34 BUAS B AR T 4. 53 %,
B M MAEBRMKT 3. 4% . HE EMEBEFET
0. 136 % o PRk UL, B L BB T & RS A T R4 A d 4 25 A W
Wk, EAMXITERCEET R 2 WEERF R In-
tel(R) Core (TM) i5-4590 CPU @ 3. 30 GHz 4b P £§ 3 T
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Fig. 8 Comparison of grid-connected capacities in simulation 2

and simulation 3
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Fig. 9 Comparison of grid-connected gains in simulation 2

and simulation 3
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