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Abstract

This paper concerns the participation of renewable energy hubs equipped with wind farms, bio-waste
units, and hydrogen, thermal, and compressed air storage systems in the energy market based on the
market clearing price model. Hubs are simultaneously present in both electrical and thermal networks.
The bio-waste unit is equipped with combined heat and power technology, so it produces electrical
and thermal energy. The proposed design is in the form of bi-level optimization. Its upper level
formulates the maximization of the hub's expected profit considering the operational constraints of the
mentioned resources and storage devices. The market clearing price strategy is included at the lower
formulation level, considering minimizing the expected operation cost of electricity and thermal power
generation units subject to the optimal power flow equations of electrical and thermal networks. The
Karush-Kuhn-Tucker method obtains a single-level formulation for the design. The stochastic
optimization is used to model uncertainties of load and renewable resources. Finally, the obtained
numerical results indicate the proposed design's ability to improve the operation and economic status
of energy networks compared with optimal power flow studies (the hub-less network), along with
optimal power scheduling of hubs in accordance with improving their economic status. So, hydrogen,
compressed air, and heat storage devices lead to an 11.2% enhancement in the economic status of the
renewable hub. Optimal energy management of renewable hubs based on the storage system has led to
a 27% enhancement in energy network operation status compared to optimal power flow studies.
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Figure (1): Single line diagram of the system of interest, a) IEEE’s 9 bus network [24], b) 14 nodes thermal network [25]
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Figure (2): Expected daily curve, a) Electrical and thermal load coefficient [6,11], b) Biogas [16], ¢) Wind speed [16]
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Figure (4): Expected daily curve, a) Active power, b) REH’s thermal power
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Figure (5): Expected electrical energy daily curve, a) EGU’s reactive power, b) Average electrical LMP in various studied cases
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5. Energy hub (EH) 21. Local marginal price (LMP)
6. Day-ahead (DA) 22. Electrical generation units (EGUS)
7. Combined heat and power (CHP) 23. Heat generation units (HGUs)
8. Electric vehicles (EVs) 24. Optimal power flow (OPF)
9. Demand response program (DRP) 25. Karush-Kuhn-Tucker (KKT)
10. Active loads (ALSs) 26. Stochastic optimization
11. Combined cooling, heat & power (CCHP) 27. Cut-in / cut-out wind speed
12. Optimal scheduling 28. Rated speed
13. Compressed air energy storage (CAES) 29. The rate of methane in the gas
14. Hydrogen storage (HS) 30. The lower heating value of methane
15. Time of use (TOU) 31. Electrolyzer (EL)
16. Market clearing price (MCP) 32. Hydrogen tank (HT)
17. Bio-gas unit (BU) 33. Fuel cell (FC)
18. Renewable energy hubs (REHS) 34. Compressed air tank (CAT)
19. Thermal energy storage (TES) 35. Slack
20. Wind farm (WF) 36. Up and down ramp rate
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