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Rational peak shaving model of VPP considering carbon emission rights constraints
in ubiquitous power internet of things environment

HU Jian, QIN Yujie, JIAO Ticao, SHAO Xuanying
(School of Electrical and Electronic Engineering, Shandong University of Technology, Zibo 255049, China)

Abstract: One of the goals of ubiquitous power internet of things is to make the energy consumption cleaner and lower
carbon. Under the ubiquitous power internet of things, a peak shaving model considering carbon emission restriction is
proposed based on Virtual Power Plant (VPP), which is used as a management means of distributed energy. According to the
principle of carbon emission quota system, three different scenarios of carbon emission restriction are established, and the
peak shaving cost and environmental benefits of the system under three scenarios are analyzed by using membrane
computing based on distribution estimation. The results show that the carbon emission restriction will lead to the change of
the output of peak shaving system to reduce carbon emissions, but within a certain range, the carbon emissions of the system
will not change with the change of the restriction, in other words, there is a certain free carbon emission restriction space. The
level of carbon emission restriction will affect the cost of VPP peak shaving system and the allocation of carbon emission
rights should follow the principle of fairness and efficiency.
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Table 1 Unit parameters in VPP

DIREIE2 ZIR/(LMW?) -YIB/(TT/MW) R TT K 1MW R/ MEJIMW
PRAEHL L 432 186 0 50 0
PRAEENL 2 43.0 189 0 30 0
KHHLZ 0 412.8 0 60 0
SeRBLLA 0 357.76 0 10 0
hRER S 45 168 0 40 0
A R G A 132 78 0 10 0
£ F gy 0 360 0 20 0
F 2 NEHESHK
Table 2 Thermal power unit parameters
ki3] /e R/ [ SEINIVIL IR BRI Bl R AR
MW (TE/MW?) (JL/MW) A MW H MW Ttk FAr (E/MW W BR S A E/ MW
300 0.060 3 157.8 6300 300 165 120 60
600 0.004 1524 7 560 600 300 210 120
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Table 3 Wind power, photovoltaic and load schedules

Pf: MW
i Z) M HL SR il Hufif iy %) P HL i SR Fiufi
1:00 45 0 300 13:00 46 95 724
2:00 43 0 290 14:00 455 83 678
3:00 43 0 255 15:00 45 8 716
4:00 435 0 218 16:00 44 7.8 727
5:00 44 0 176 17:00 45 3 727
6:00 45 0 160 18:00 46 0.5 737
7:00 46 0 320 19:00 48 0 804
8:00 50 25 598 20:00 49 0 764
9:00 52 6 668 21:00 48 0 584
10:00 51 8 785 22:00 47 0 460
11:00 49 8.6 840 23:00 46 0 394
12:00 47 9 930 0:00 448 0 325
&4 BRIEBRHR S5 16:00 RGe M HEBCR L T AFREER T, A
Table 4 Parameters involved in carbon emissions from fuels 10:00—13:00 fHERCE N iHmRER R, iR 3
g TIRCORMY  BHHREY TGRS T%%%F)T%é’ﬂﬂiﬁi&ik:
(kecelke) (keC/GY) (kI/kg) =GR RS RO UL 5—E 7.
JsL 0.7143 25.8 20 908 300k T Twmn
RARA 133 153 38931
Bl 14571 20.2 43070
Fz 5 NBHAKRSTEIHMAY b=
Table 5 Emission coefficient of atmospheric pollutants E
from thermal power units
Rk SO, NOy JHA Cco
PR/ (kg/t) 0.192 9.08 1000 0.23
TR (kg/10°m) 630 6200 238.5 — ]2
%6 KENEASTRIHHS R I
Table 6 Emission equivalent of atmospheric pollutants 4 BIHR T ARG
. Fig. 4 Emissions in each scenario
from thermal power units
KU S0 Noy Mk co o
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SRR, AU RS RGO, W 4. 5 " \r
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RS U s G A R, SR 1 R R 100r
s P — e N AL ). Sy 0f sesbedstiirnriirareaise
WA 80%M, I RS IRHE N EAE 10:00—13:00 400 800 12:00 16:00 20:00 0:00
HBLCILS, SIS 2 FIRIERSE I HE kit "
ST S, T ) 06 K B B 5 5% | TEERETHNWR

ZIRVEE N o UBEHEBONZ R 75%EF, M 7:00— Fig. 5 Output status of each generating unit in Scenario 1
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Fig. 7 Output status of each generating unit in Scenario 3
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Table 7 Output, carbon emissions and cost in each scenario
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VPP K Hi e/ SHER

Y5t K H R/ R o JRA/ T
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MWh) (MW
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3 111447 34281 867672 423929 4703064
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