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Master-slave game optimal scheduling of energy hub based on integrated demand response and
a reward and punishment ladder carbon trading mechanism
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Abstract: To fully consider the low-carbon nature of an integrated energy system and the complex response
characteristics of multi energy load, an energy hub (EH) master-slave game optimal scheduling strategy considering the
integrated demand response and reward and punishment ladder carbon trading mechanism is proposed. First, to effectively
evaluate the flexible characteristics and response capacity of multi energy load, a building heat transfer model and
domestic hot water storage model are integrated into the building EH model. Then a refined integrated demand response
model considering various heat disturbance factors is constructed. Secondly, considering the green regulation ability of the
supply and demand sides, this paper constructs a reward and punishment ladder carbon transaction cost model. A
master-slave game low-carbon optimization model for energy hub operators and users is established based on Stackelberg
game theory. Finally, a differential evolution algorithm combined with a CPLEX toolbox is proposed to analyse the
proposed model. The simulation results show that the proposed method can effectively limit the carbon emission of the
system, give full play to the response ability and emission reduction potential of demand side resources, and realize a
win-win of EH economy and environmental protection.
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Fig. 2 Piecewise linearization of GT burnup curve
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Fig. 3 Schematic of heat transfer of the internal air volume
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Fig. 5 Solution flow chart of Stackelberg game
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Fig. 6 Load and new energy forecast curve
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Table 1 Parameters of the buildings

BH A #H B I C % D
kwa/[KW/(m? )] 1.090 0.928 1.145 0.825
kwan/m? 1 000 2400 1500 2700
kwin/ [KW/(m? k)] 2.85 2.70 2.82 2.55
kwin/m? 460 740 620 660
K/m 32 43 32 51
Bi/m 22 21 20 32
/m 10 30 20 20
2 BEERASH
Table 2 Parameters of the EH
24 JigIcd 28 Hufl
alblc 2.75/66.2/100 JeTlwHe 0.38/0.85
pin jpma 60/500 kW pon P -60/60 kW
nee 0.9 H 500 kW
JBT 0.02 e enel e is 0.95
SOC /SOCT™ 60/400 kWh Tac! ar 4/1.2
P [pmax 500 kW ppjcrid pscrid 400 kW
PV, 1.2 kg/m3,100 L Cair 1kJ/(kg <C)
T, max 21/24 °C Ch 4.2 kJI(kg C)
A 0.2,0.2 LA, 60/80°C

*3 WERM

Table 3 Prices for the purchase and sale of electricity

i B WA (TE/IKWh) B AT R/OT/KWh)
00:00—07:00 04 03
08:00—12:00 1.25 1
13:00—18:00 08 0.55
19:00—22:00 1.25 1
23:00—24:00 08 0.55
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Fig. 7 Forecast data of buildings heat source and light intensity

4.2 R[E7RBIFS LS

N T YA ST IR B I 25 1 5 I R
WE T LT 4 Fh5 RE AT AT e o

Jr% 1 B SET, A%E IDR B
WRAZ oy A O BE R R T3 2. (R S
AT, FIEE AL IDR BRI, R IRERAE 5 A
IR IZRAERY, 5% 3. HFEfM 1L IDR FLAL AN
FRGEIRAT ) IRA I LT TR R 7R 40 5)8KE
A4k IDR B AL G RRAE 5y A . 5 FiJ7 TR
S5 R 4 P

x4 TEIFERTHIFEELER
Table 4 Comparison results under different schemes

T
” I WAL w kg
1 4833.8 11 265.6 2593.4 5 486.7
2 4 696.5 10837.3 2435.6 52255
3 48579 10 685.7 2 284.6 49126
4 48454 10515.6 22353 48245
AR 49425 10 422.9 21253 47126
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