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Decentralized Coordinated Low-carbon Economic Dispatch Method for
Multi-regional Interconnected Integrated Energy System
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(1. School of Electrical Engineering and Automation, Harbin Institute of Technology, Harbin 150001, China;
2. China Electric Power Research Institute, Beijing 100089, China)

Abstract: This paper studies the impact of multi-regional integrated energy system interconnection on carbon emissions.
First, the decomposition strategy of the integrated energy system in adjacent areas interconnected by flexible DC tie lines
is constructed. Then, the carbon consumption in the process of power-to-gas (P2G) is taken into account, and a stepped
carbon trading mechanism is introduced. A decentralized coordination scheduling model for a multi-region interconnected
integrated energy system is established in which the minimum sum of fuel cost, carbon transaction cost, tie line cost, and
wind curtailment penalty is taken as the objective function. The influences of regional interconnection,carbon trading pa-
rameters,regional characteristics, and P2G capacity on the system carbon emissions are analyzed by calculation
simulation. Studies have shown that multi-regional interconnection is conducive to improving energy utilization and re-
ducing carbon emissions. Reasonable selection of carbon trading parameters, configuration of power-to-gas equipment,
and selection of regional interconnection with a low proportion of thermal power units and a large difference in load
characteristics can be adopted to more effectively control the system carbon emissions, and promote the wind power con-
sumption of the system.
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carbon emissions and wind power penetration
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Table2  Comparison of benefits before and after considering
P2G consumes CO2
X ISy WG A ARG
i Hg 5% X sk . . -
/737G /TiJt HESCR
X A 1514.37 118.00
75l 75 608.03
X1 B 2456.79 136.98
X1 A 1513.52 117.10
W2 75537.12
X1 B 2454.48 133.30
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Fig.8 Curve of relationship between abandoned wind rate,

carbon emissions and P2G capacity
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Table A1 Thermal power unit parameters of region A
IRZiR7 FHL Ty 2 Y /MW a3 a2 al &/ b 3 TeHE R $L
#A1-1 [100,200] 5.9653 0.2608 0.0008 40 1.15
#A1-2 [100,200] 3.0000 0.3200 0.0004 40 1.20
#A13 [100,200] 4.9369 0.2762 0.0011 40 0.60
#A1-4 [100,200] 2.3298 0.3101 0.0015 40 0.60
#A1-5 [100,200] 5.9653 0.2501 0.0090 40 1.12
FA2 XA HAEHHSH
Table A2 Thermoelectric unit parameters of region A
IRERS FL D3R5 /MW AUERTHEACDT) ol 2 3 c4 c5 c6 em R B R
#A2-1 [50+0.18D,100-0.05D] [30,120] 3.235 0.4032  0.112  0.0006 0.00021 0.000 31 20 1.2
#A22  [50+0.18D,100-0.05D] [30,120] 2987 04125 0.2 00014 0.00022 0.00035 20 0.64
#A2-3 [50+0.18D,100-0.05D] [30,120] 3.136 0.3833  0.136  0.0007 0.000 15 0.000 25 20 1.12
#A2-4 [50+0.18D,100-0.05D] [30,120] 3212 04176 0.119  0.0007  0.000 17  0.000 27 20 1.2
#A2-5  [50+0.18D,100-0.05D] [30,120] 3164 0421  0.125  0.008 0.00016 0.00033 20 12
#A2-6 [50+0.18D,100-0.05D] [30,120] 3.000 04195 0.123  0.0015 0.000 17 0.000 29 20 0.64
RA3 XA R-ARIRE AL SHL
Table A3 Gas-steam combined cycle unit parameters of region A
P %ﬁi@ﬂ/ﬁ;ﬁ\;ﬂ%ﬂa Wf;jﬁaﬁu i‘mgf:’i;u - b3 . o 5 ﬂ@ljﬁj:ﬁ
#A3-1 [18+0.09D,36-0.01D] [28,60] [9,60] 0.010 76 146.41133 332235  1.23001 2543521  0.0722 30
#A3-2 [18+0.09D,36-0.02D] [28,61] [9,61] 0.011 31 147.62122 323998 1.22244 2496014  0.0747 30
#A3-3 [18+0.09D,36-0.03D] [28,62] [9,62] 0.011 24 146.63244 3.11900 1.23001 -25.43521  0.0722 30
#A3-4  [18+0.09D,36-0.04D] [28,63] [9,63] 001053 14872807 328448 123215 -2646364 0.0714 30
® A4 X B KHEHHASH
Table A4 Thermal power unit parameters of region B
GRS LT 3 /MW a3 al €/ ek = TR AR 2
#B1-1 [100,200] 10.9301 0.3172 0.0005 40 0.66
#B1-2 [100,200] 10.8578 0.2867 0.0015 40 0.6
#B1-3 [100,200] 10.6627 0.3101 0.0009 40 0.65
#B1-4 [100,200] 10.8578 0.2867 0.0014 40 0.98
#B1-5 [100,200] 10.6627 0.3101 0.001 40 0.98
#B1-6 [100,200] 10.6627 0.3101 0.0012 40 0.7
#B1-7 [100,200] 10.8578 0.2867 0.0015 40 0.98
#B1-8 [100,200] 10.6627 0.3101 0.0007 40 1.05
#B1-9 [100,200] 10.6627 0.3101 0.0006 40 0.68
#B1-10 [100,200] 10.8578 0.2867 0.0015 40 1.1
#B1-11 [100,200] 10.6627 0.3101 0.001 40 0.66
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Table A5 Thermoelectric unit parameters of region B

IR ER=S LD /MW Tl AR/ (R cl 2 3 c4 c5 c6  EAEBCEE  BRHAR
#B2-1 [50+0.18D,100-0.05D] [30,120] 5.3962 0.3656 0.1999 0.0015 0.0003 0.0005 20 0.68
#B2-2 [50+0.18D,100-0.05D] [30,120] 5.3155 0.3525 0.21 0.0011 0.0003 0.0006 20 0.98
#B2-3 [50+0.18D,100-0.05D] [30,120] 5.2685 0.3583 0.2285 0.0006 0.0003 0.0004 20 1.2
#B2-4 [50+0.18D,100-0.05D] [30,120] 5.0182 0.3788 0.2016 0.0005 0.0003 0.0004 20 1.05
#B2-5 [50+0.18D,100-0.05D] [30,120] 5.3962 0.3656 0.1999 0.0015 0.0003 0.0005 20 0.68
#B2-6 [50+0.18D,100-0.05D] [30,120] 5.0182 0.3788 0.2016 0.0007 0.0003 0.0004 20 1.15
#B2-7 [50+0.18D,100-0.05D] [30,120] 5.2685 0.3583 0.2285 0.0006 0.0003 0.0004 20 1.12
#B2-8 [50+0.18D,100-0.05D] [30,120] 5.3155 0.3525 0.21 0.0009 0.0003 0.0006 20 1.12
® A6 X B IRTEIN - AR S
Table A6 Gas-steam combined cycle unit parameters of region B
FEIE BN TR PR B LR /= ek R e/ gy
P mjm% PIES W:%‘ﬂ DI S i RS bl 2 b3 . o 5 F«ﬁu
10 /MW JE /MW B/(th™) i
#B3-1 [18+0.09D,36-0.01D] [28,60] [9,60] 0.011 31 146.600 32 331141 123975 —25.73601 0.074 05 30
#B3-2 [1840.09D,36-0.01D] [28,60] [9,60] 0.012 23 145.893 41 321897 123346 264296  0.072 35 30
RAT WESRESH
Table A7 P2G parameters
X 45 ET) HEMW
1 15
Xk A
2 20
1 5
X1 B
2 10
R A8 WP RAESH
Table A8  Electric boiler parameters
X35 %'y HE/MW
A 1 20
X1 A
2 20
A 1 5
X#% B
2 10
FAY HfbzH
Table A9 Other parameters
SH I fE S8 U
AR kg™ 2327.53 PASENLALBSHE I RC A R £/ (- MWh) 0.789
AR GE) 800 RSB O R 2 (e MWh) 0.385
RIREM /(- m™) 3 BB HCR B (- (10°m?) ) 1.25
ARGHFNET] FE/OT-MWh™) 684 KL HLEL 0.8
F A A B YHE/MW 0 FH R E A R R 09
TR 77 0 R oI 0.5 P2G % FE AR 0.6
i 22 T F BV E 0.5 WHEE 10°
y 13 P2G AR COx 2% o2C /(t:(10°m?) 1)) 1.9647
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Fig.A2 Gas load and wind power forecast output of region A
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Fig.A4 Gas load and wind power forecast output of region B
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