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Abstract

This paper presents the optimal participation of distribution networks and energy hubs in the day-ahead
wholesale and retail energy markets. The proposed scheme is a two-objective optimization model. In
one objective function, it minimizes the energy cost of electricity, gas, and heating network as private
distribution companies in the mentioned markets. In another objective function, it minimizes the energy
cost (equal to the difference between selling and purchasing energy) of hubs in the retail market. This
scheme is subject to optimal power flow formulation in the mentioned networks, and the operation
model of sources and active loads in a hub format. Then, the Pareto optimization based on the weighted
functions method according to the fuzzy decision is used to achieve the optimal compromise solution.
Finally, by implementing the proposed scheme on a system test, the obtained simulation results confirm
the capabilities of the scheme in improving the economy of energy hubs and the economic and operation
situation of the mentioned networks.
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Figure (1): Participation plan of ENs and EHs in wholesale and retail energy market [22]
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Figure (3): The studied test system [14]
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Figure (4): The daily curve of penetration rate of EVs [26]
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Figure (5): Pareto front of the proposed plan
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Table (1): The compromise point of the proposed plan obtained from fuzzy decision making based on different solution algorithms
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Figure (6): Convergence diagram of solving the proposed problem with evolutionary algorithms
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Figure (8): The amount of benefit of EHs (-CostEHSs) in different study cases

Table (2): Values of economic indicators and exploitation of ENs in different study cases
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1. Combined heat and power (CHP) 12. Distribution company (DisCo)
2. Renewable energy sources (RESs) 13. Master problem
3. Energy storage systems (ESSSs) 14. Sub-problem
4. Electric vehicles (EVs) 15. Market clearing price (MCP)
5. Demand response program (DRP) 16. Stochastic dynamic programming (SDP)
6. Active loads (ALS) 17. EVs penetration rate
7. Energy networks (ENSs) 18. Interior point optimizer (IPOPT)
8. Energy network operator (ENO) 19. Grey wolf optimization (GWO)
9. Energy hub (EH) 20. Sine cosine algorithm (SCA)
10. Virtual power plant (VPP) 21. Crow search algorithm (CSA)
11. Micro-grid (MG) 22. Krill herd optimization (KHO)
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