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Optimization Scheduling of Virtual Power Plant With Carbon Capture and Waste

Incineration Considering Power-to-gas Coordination
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ABSTRACT: In

complementation and low carbonization, an optimal scheduling

order to promote  multi-energy
model of virtual power plant (VPP) with carbon capture and
waste incineration considering power-to-gas coordination is
proposed. By introducing the collaborative utilization
framework with a carbon capture plant-power to gas (P2G)-gas
unit system, the COz in the carbon capture can be used as the
raw material of P2G, which produces natural gas to be supplied
to the gas unit. In addition, the power consumption of the
carbon capture and the flue gas treatment can be transferred
through joint dispatching to smooth the fluctuation of
renewable energy output, so that the wind power and
photovoltaic can be indirectly dispatchable and flexibly
utilized. In view of the high dimensional nonlinearity of the
proposed optimization model and the difficulty in solving it, a
new anti-cotangent compound differential evolution algorithm
is designed to solve the model. The simulation results show
that the proposed model and method can provide peak load
shifting capacity and improve renewable energy consumption,

effectively reducing the cost and carbon emission of VPP.
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FG b R TIUAE 2 ol G B S PR A2 R 11
K5 SR T Sy 2 bt B A3 REE AW H
FEL (A T B S P A4
42 MtEAREERIBE S

Rt L& S M BT 7S VPP R SO H
B -P2G-BRSMLA B RIS ITHESS . BB & Bk
R 5o E NIRRT X R
RIEEIEAT UL N sk i) CDE B9%:5%F VPP 384T A
gem, WE S MR, Wk 1 s, %R
TEEARY () ISR AR RS, A FH 5 20 87 A (1) 7 22 3R A
TR ENRERE, DACR VPR B RO . S5 2 tmr 77
ZEFIE AT

S2 =li(PtE _PE,mV)z

t=1

P[E :P[EL +P[PZG +]3[(x +RCC +]3[ESC _RESD _BCUT (68)

PE,mv — liPE
TI

(67)

(69)

A S REERGATTT 225 BY N ¢ N 2 i 185 3 1
fif s PE™ g SRS A A

xz1 5SMAE VPP SR
Table 1 Five different composition of VPP

CCPP-P2G-  HIHR & BZSH  RHABGHEN
HAHLAL wE it WY CDE %.i%
1 x \ v v \
2 x x \ v \
3 v v x v v
4 v \ v v x
5 v v v V v

VE: 1RSI CCPP-P2G-A ML R G th FIRIFAELE, fitE /5
B CO, & #bdst 47 7 3 HHidtisE ) SR A Rl AR B RA
B IEAT, MUBARGARThER S8R A K Fa I p, AN BRI R REFEAT AR
SALFRRE

WA 5 P&, S SR AT
e 2 A A S5 SR L R P LS SR L . B A
A5 RN S A B 328 AT 25 S L AN o ik BV AR A aE AR
HIZR XL mlansk 2. & 3. & 4 A 5 R, 2%
X LA B AT A

=2 WS ALE R

Table 2 Comparison of profit and cost result 10%8
UES ﬁi‘i%ﬁ%%l— ﬁ&i% ﬁ&ﬁﬁ ﬁfl@%% TSR A P?G ﬁm;‘c ) F R A $%9Tﬁﬁ %%QMF , Wip
A s BA VDS HA BA A BA A
1 2231.51 38.48 89.39 59.25 1307.95 53.85 289.50 383.66 215.66 1084.16 5676.45
2 2237.44 33.72 88.58 59.37 1353.89 0 1832.01 414.12 155.78 1084.16 7191.63
3 2169.09 —174.46 46.35 59.42 1316.07 24.42 806.03 321.92 220.51 1084.16 6222.43
4 2265.00 81.80 100.0 59.41 1306.84 33.33 290.90 354.10 231.93 1084.16 5643.87
5 2263.07 48.52 90.90 59.30 1305.67 34.09 290.30 298.19 248.52 1084.16 5625.68
®3 IPEBRGERWEE
Table 3 Comparison of scheduling results
. BRERSERR) BB AEmATE R BRAF BER BRI P2G P2G/ERL CHPAHLAL MVUBMP AR SR
T SO /MW BT H /MW B /(MW-h) SOR/MW R R R THERMW RS RS B AMW MW R EMW 5 E
1 7023.3 1496.2 519.1 280.4 4914.3 1828.1 1828.1 156.5 8670.1 1590.5 1885.2 28.95 25582.4
2 7035.6 1499.1 561.9 202.5 4942.8 1811.4 1811.4 0 0 1631.9 1868.6 183.2 29373.9
3 6862.7 1500.5 451.7 286.7 5628.7 962.4 947.9 121.0 6701.7 1590.0 1885.4 80.60 26 602.9
4 7101.6 1500.17 490.4 301.5 4750.6 2066.9 2046.9 166.7 9230.1 1595.8 1883.0 29.09 25318.9
5 7099.3 1499.7 425.0 323.1 4936.0 1879.3 18589 1704 9439.2 1594.5 1883.5 29.03  24976.6
R4 BIHEFESLIBBITERIEE
Table 4 Comparison of carbon capture operation and flue gas treatment results MW
USEELIV AL JeARHLA BRI
7 S BT T T T e
) ) ’ LLHEHE ALIEBERE
UIES fEFE AEFE IES fEF fEFE PIES AEFE HERE hE fEFE AEFE
1 6721.9 263.7 37.7 3244.9 400.1 459.0 1350.0 6.4 93.6 1168.1 181.6 146.5 851.8 736.9
2 6727.7 293.5 14.4 3262.0 373.1 468.9 1373.2 15.2 61.6 1140.2 165.5 193.5 847.3 738.3
3 6246.8 618.9 0 4104 0 0 1450 0 0 761.5 0 738.9 618.9 738.9
4 6794.4 256.0 51.1 3155.2 570.3 378.5 1318.9 45.4 85.7 1232.4 443 223.5 916.0 738.8
5 6817.8 2554 26.8 3262.7 432.8 408.5 1325.8 2.5 121.7 1143.2 174.9 181.6 865.5 738.6
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Fig. 10 Energy consumption for the flue gas treatment
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power level of energy storage device
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Table A1 Energy hub unit parameters

PAYMW  wSMW-ht) o [(U(MW-h))  7F%6 we
15 0.269 0.2 0.6 0.513
e%/(t/(MW-h)) ,7CHP,e TICHP,h o5 oS
0.96 0.35 0.4 0.001 0.01
UESC ,TESD nTSC UTSD af7($/h)
0.95 0.95 0.88 0.88 200
PIS/(MW-h)) I($/(MW)h)  dl($/h) &l(rad/MW) ~ PGmin/MW
17 0.04 270 9.8 100
KC/($/t) (/MW -h)) e kM /gmd kS (81t
19.8 0.76 0.96 0.419 120
K26/($/(MW-h))  ESS(S/)  AASIMW-h)) L/($/(MW-h)) PS™/MW
20 4.89 214 142 400
APS/MW APSY/MW ~ pCHPmay/\fyy  pCHPmin/\f\y  [CHPmax/\[VY
60 65 140 0 160
HCHPmin/NW  APPH/MW  SESmayMW  SESminMW  §TSmax/ VW
0 120 120 10 50
STSmiMW S5 /MW S35 MW pWhma/MW - pWmax/VW
10 60 30 1500 100
PWLmin/NW y Wheomax y Wiomin
60 400 160
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