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Low-carbon demand response optimization method for integrated energy system
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Abstract: To address the problems that power customers lack motivation for carbon reduction and that the extensive
existing energy consumption patterns prevent the full exploitation of carbon reduction potential on the user side and
result in low energy utilization efficiency, an economic optimization method for integrated energy systems is proposed
by incorporating a carbon trading mechanism. First, a stepped positive-negative carbon trading mechanism is introduced
to guide users to reduce carbon emissions through financial profit and loss. A two-stage optimization is then applied to
the power-to-gas device, and combined heat and power with an adjustable heat-to-power ratio is adopted to develop an
integrated energy system model based on electricity-hydrogen interaction, thereby improving the energy utilization
efficiency of the integrated energy system. Finally, by considering a demand response based on electricity price, a low-
carbon demand response optimization method for an integrated energy system based on an improved carbon trading
mechanism is proposed to further reduce carbon emissions and economic costs. The comparison results of multiple
experimental scenarios show that the proposed method reduces the carbon emissions of the system by 3.97% compared
to the stepped carbon trading mechanism, with an additional 1.58% reduction in carbon emissions and a 0.11% reduction
in economic costs when combined with demand response.
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wind power

R1 Hurdg
Table 1 Time-of-use tariff

IR B AL/ (OG« kW eh )
01:00—07:00.23:00—24:00 0.38
08:00—11:00,15:00—18:00 0.68
12:00—14:00,19:00—22:00 1.20




54055 6 W

& 2, R T U SS S HLE i 2R

A BE VR AR GUAR o it >R i B A Ak 5 227

®2 wELK
Table 2 Parameters of equipment
Befr AA/KW REREEIAL Y TRHEZYR /Y s YRR

ET 500 87 20 0.012
MR 250 60 20 0.012
HFC 250 50/45(H, /#4) 20 0.012
GB 800 95 20 0.015
CHP 600 92 20 0.014

®3 MEREAK
Table 3 Parametes of energy storage

At/ A/ (373 T &4k

B& kW TR R OAR/% by B4
difig 450 10 90 20 0.95/0.9  0.015
A 500 10 90 20 0.95/0.9  0.050
A 150 10 90 20 0.95/0.9  0.010
Af# 200 10 90 20 0.95/0.9  0.030

R4 FEIRBAAABA A

Table 4 Parameters of actual carbon emission model

Fep FeRRAM
a, by & a, by Cy
36 —0.38 0.003 4 3 —0.004 0.001

42 MR ERBKRIZ SN NZD T

W B AS 5 BN 2=0.3 J0/kg, T 5 B X i)
K (=1500 kg, # KR 0=0.25, 3% E LT 47135
SCHEAT X H S A AT

1) Y5t 1o A% IR HLE 5 55 K R, AL
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Table 5 Comparison of operating costs in different scenarios

WS WA /ST RRA/TE B/ TT RG] /oo

1 520.68 11 323.24 417.51 0.00
2 1404.92 11 142.37 482.89 0.00
3 1408.80 11 141.30 488.59 0.00
4 1 872.56 10 936.40 505.15 0.00
Y WG MA /I AR/ kg B/t
1 0.00 16 753.01 12 261.44
2 47.58 11 573.50 13077.77
3 95.88 11 548.20 13 134.57
4 —259.92 11 090.22 13 054.19
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Figure 6 Heatto-power ratios of CHP in scenarios 1~4
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Figure 7 Impacts of carbon trading mechanism on IES
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Figure 8 Electric load composition of IES before and

after demand response
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Figure 9 Electrical power balance after demand response
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Table 6 Comparison of operating costs in three scenarios

WS WA /oT WRORA/JE BRI /T SRS /T

5 1970.13 10 795.24 482.47 0

6 971.14 11 549.86 224.49 0

7 974.79 11 279.57 410.82 0
B OREESMA/ T B kg A /T

5 —208.27 10 915.54 13 039.57

6 1360.41 15 316.31 14 205.91

7 1139.80 14 537.11 13 804.99

4.5 EZEFEAMEBELL CHP I IE S

FE G5 5 M AR Al b, B BN [ Al B Y CHP
PEAT XS RS, SR S5 R AR 7 FR .
RT R R AL T #3547 A

Table 7 Comparison of operating costs for different

heat-to-power ratios

ZHUH

Pap

M fi N’A]EEEEZF/ %%EEZF/ BTk it/ Bt

Jo Jo kg

0.5 736.13 11 610.87 15571.84 14 275.73
0.7 1272.60 11414.97 13 424.40 13 808.89
0.9 1381.57 11 325.83 12 627.30 13 578.63
1.1 1642.08 11 197.89 11 974.06 13474.13
1.3 2 254.78 10 948.44 11 273.66 13 402.69
1.5 2473.56 10 820.55 11 058.50 13 364.47
1.7 2622.87 10 737.30 10 933.96 13 350.58
1.9 2775.36 10 621.08 10 919.22 13 363.59
2.1 2944.04 10 528.70 10 893.40 13 387.38
Al i 1970.13 10 795.24 10 915.54 13 039.57
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