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Abstract

In the context of energy internet development and electricity market reform, optimizing the elec-
tricity and heat energy agent (ETEA) strategies for setting energy prices for smart park users while
participating in electricity market bidding holds significant theoretical and practical value. This
study employs the K-Means clustering algorithm to generate multiple scenarios of electricity mar-
ket bids and offers across various time periods, deriving typical clearing prices through probability
weighting. These results provide a scientific basis for ETEA to establish average electricity prices
and conservative market interaction prices. Building on this, a user price sensitivity model is con-
structed to classify energy users into three categories: absolutely rational, boundedly rational, and
irrational. Subsequently, a leader-follower game-based pricing and scheduling model is developed
to describe the interactions between ETEA and these user types, solved using a combination of heu-
ristic algorithms and the commercial solver Gurobi. Further, a multi-scenario MPEC bidding model
for ETEA’s strategic power trading in electricity markets is formulated based on the K-Means clus-
tering results. The model is converted into a MILP formulation using KKT conditions and the strong
duality theorem to optimize ETEA’s market interaction costs. Case studies demonstrate that the pro-
posed integrated optimization model, which accounts for user rationality differentiation in pricing
and scheduling as well as strategic bidding in electricity markets, significantly enhances ETEA’s rev-
enue, thereby advancing the development of the energy internet.
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Figure 1. The operational framework of ETEA in smart parks
1. BEEX ETEA TEESR
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#HE & A P (Thermal Energy User, TU), e 6 g #k— 25 40 73 v B BC A% B8 FH P (User with Self-owned
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Storage, UOS). L=k fg Fl /' (User with Shared Storage, USS)FITGfi i ] /7 (User without Storage, UWS).
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Figure 2. Data related to the smart park
2. BEREIXHEXHIE
Table 1. Internal equipment parameters of ETEA
Fz 1. ETEA A& EEH
Aea 0.68 . 2 Py 0.5 Ao 0.27 8 0.5
At o 0.45 St 7 peHe 0.5 Byin 0.6 neE 0.94
At v 0.95 S 0.95 K 1.48 Ayt 1.2 P 0.3
ﬂ’E.t.Min 04 5;5 094 UEHP 034 PCi.Max 2
ﬁ’H‘l.Min 03 PD”i‘s.Max 08 PI—?.?VIin O é‘;s 097
A 0.28 S 5 Pio 05 R 12
Table 2. User parameters in smart parks
F2 BEEXAFRSH
Kee 0.15 K, 0.57 D, . 0.25 Pas 03 SE e 1.2
Kse.a 0.64 ke 0.31 Vet 0.1 Par 021 et cn 0.95
L 0.36 Ky 0.12 ¢I\EIE.A1 0.2 @:T 0.75 6SEE.Dis 0.95
Kee 0.41 FAE.SE.L 0.15 ¢§E AT 0.15 ‘//: 16 PCEE.Ch.Max 0.7
Keea 0.53 g CE.L 0.15 (ZIEE.AT 0.75 sz —-807 PCEE.DiS.Max 0.7
KeeL 0.47 Fned 0.15 Ve 15 of 934 S& e 3
Kye 0.44 L 0.15 O L 0.2 o -437 S e 0.98
Kue.a 0.40 e SEL 0.25 OreLt 0.15 o 779 SE ois 0.98
Kye.L 0.36 e CEL 0.25 Prer 0.75 P e 0.3
Kye.n 0.24 g NE.L 0.25 V/ISL,A 15 PSE.Dis‘Max 0.3
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Figure 3. Optimization results of ETEA electrical and thermal price
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Figure 4. User electrical and thermal load before and after adjustment
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Figure 5. ETEA electricity and thermal energy scheduling results
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Table 3. Comparison of benefits across different scenarios

= 3. TRIARYEE XL
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