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Low-carbon economic optimal dispatch of thermal-wind-solar-storage systems considering
interval differentiation of thermal power carbon emission intensity
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Abstract: In the context of the shift from “dual control” of energy consumption to “dual control” of carbon emissions,
existing power system dispatch optimization tends to focus on total carbon emission constraints while neglecting carbon
emission intensity constraints. This often leads to higher carbon emission intensity and poorer economic performance in
thermal power unit operations. This paper proposes a low-carbon economic dispatch method for heterogeneous energy
power systems, considering interval differentiation of thermal power carbon emission intensity. First, the differentiation
characteristics of the relationship curve between carbon emission intensity and load rate in thermal power units are
analyzed. The operation intervals of thermal power are divided into low-carbon intensity, high-carbon intensity, and
transition zones. Then, a low-carbon economic optimal dispatch model for thermal-wind-solar-storage system is
established with the objectives of maximizing the duration of thermal power operating in low-carbon intensity,
minimizing total system carbon emissions, and minimizing system operating costs. This model integrates both “dual
control” of carbon emissions and economic operation, and a hierarchical and progressive solving strategy is designed
accordingly. Finally, the effectiveness and adaptability of the model are verified through case studies. Results indicate that
the proposed model can effectively constrain the carbon emission intensity of thermal power units, improve the
low-carbon performance of the system, and adapt to the system operating scenarios with different renewable energy
penetration levels and weather conditions.
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Table 1 Carbon emission intensity of thermal power

units with different capacities

300 MW L4 600 MW #HL2H 1000 MW HLZH

TR/ % BRI BcHE T 2/ BRI 2/
(g/kWh) (g/kWh) (g/kWh)
35 925.1 855.7 808.6
45 888.1 821.3 7775
55 856.9 794.5 754.5
65 831.3 775.4 739.7
75 811.6 764.1 732.9
85 797.5 760.4 734.5
100 787.3 769.2 752.1
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Fig. 1 Carbon emission intensity curve of typical

thermal power unit
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characteristics of 1000 MW thermal power unit
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Table 2 Related parameters of thermal power unit
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a/[FEIt/

bil(FE T/

- &% c/ETL ANUMW)]  BIUMW)  Cit
w5 LIR/MW HRIR/MW  (MW/h) " (MW)?] MW)
1 460 230 80 32490 5 0.0211 21.05 1313.6 471x107° 0.773 29.27
2 300 150 80 32490 5 0.07 239 471 13x10™ 0.764 24.13
3 243 121 60 32490 5 0.079 21.62 480.29 13x10™ 0.764 24.13
4 120 60 45 3971 5 0.048 23.23 639.4 2.77x10™ 0.656 39.06
5 130 65 45 3971 5 0.063 16.51 502.7 2.77x10™ 0.656 39.06
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Fig. 5 Typical daily load, wind and photovoltaic

power forecasting
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Table 3 Comparative analysis of economic efficiency

of different dispatch models
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A JEA A FE A
1 457.51 454.16 335 0
2 459.71 454.51 5.21 0
3 458.52 454.98 3.54 0
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Table 4 Comparative analysis of carbon-economic

efficiency of different dispatch models
T T HE s/t KRR HE TR B /(kg/MWh)

1 12 046.43 812.43
2 12 055.46 860.09
3 12 068.29 862.35




- 148 - W) &SRy SR 4

MELEXF R GEHE AT 45 TE AR 22 G 7
B, AT LA A SO Y e 6 78 DRUE PRI RSB AT B
ARANBRAHRBCR R, SRk LA AT T
(ERBRIREE XIS 18], A R K AL AR B
3.3 HRtiREERGUBM N

BEEH ARG X" ERENARHEDE, RE
WL 77 ZR G0 B A IR IR 05 SR ST IR R ST
REVRE SN B 0 RAAL T EAIBRE G L R2 0,
BB T ARG REBREE R, XIS
ERBATHURNE T, £ 5. R 6 NRGHERGT
PEAIBR 22 55 X Bl 73 #r 5
R 5 TEFMERENSEZETRGFE LS

Table 5 Comparative analysis of economic efficiency of

different installation penetration rate

BiE RO KHUZAT  fRBEIEAT  BTREVEIEH
/% AT AT A AR T
30 457.51 454.16 335 0
40 356.61 355.65 3.15 0
50 251.51 250.85 2.17 0
60 160.63 136.23 1.39 24.06
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Table 6 Comparative analysis of carbon-economic efficiency

of different installation penetration rate

BB % e/t K HLBHE R /(kg/MWh)
30 12 046.43 812.43
40 9513.15 816.44
50 6595.14 860.81
60 3464.15 910.71
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Fig. 6 Load, wind and photovoltaic power forecasting under various operating scenarios
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