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Abstract-

The increasing integration of renewable energy sources with power systems has
led to greater uncertainties, heightening the need for more flexible services.
Demand-side resour ces can provide significant flexibility cost-effectively, making
it crucial to design new business models to harness their flexible capacities.
Hence, this paper introduces a three-stage techno-economic framework designed
to enhance the exploitation of flexible capacities from demand-side resour ces such
as Internet-of-Things (loT)-Enabled Appliances (IEAs), Battery-Integrated
Rooftop Solar Panels (BIRSPs), and Electric Vehicle (EV) smart charging
systemsin the local flexibility market. The proposed framework operatesin three
stages. First, smart homes with |EAs, BIRSPs, and smart charging systems assess
their flexibility and report it to their Microgrid (MG) operators. Next, MG
oper ator s optimize strategies to maximize market returnsand report capacities to
the Distribution System Operator (DSO). Finally, the DSO manages flexibility
transactions based on MG inputs. A Stackelberg game theory model using a
gradient-based method updates the coupling variables between market parties,
ensuring conver gence in the second and third stages within a decentralized space
with limited information sharing. Implemented on a modified IEEE 69-node
distribution system, the model fully utilizes the potential of smart homes,
including IEAs, BIRSPs, and smart charging systems in the local flexibility
market. It reduces the Upstream Network (UN) share in the local flexibility
mar ket by 56.86% and decreases DSO costs for energy balancing by 22.36%.

Index Terms- Flexibility markets; Microgrids, Smart homes,; Electric vehicles;
I nter net-of-things, Renewable ener gy resour ces

Due to copyright restriction we cannot distribute this content on the web. However,
clicking on the next link, authors will be able to distribute to you the full version of the

paper:
Request full paper to the authors

If you institution has a electronic subscription to Applied Energy, you can download
the paper from the journal website:
Access to the Journal website



https://intranet.iit.comillas.edu/publicacion/mostrar_publicacion_revista.php.en?id=2476
http://dx.doi.org/https://doi.org/10.1016/j.apenergy.2024.123868

Citation:

Alharthi, Y.Z.; Bagherzadeh, L.; Dai, S; Huang, S; Mansouri, SA.; Wu, Y. "A
multi-stage techno-economic model for harnessing flexibility from loT-enabled
appliances and smart charging systems. Developing a competitive local flexibility
market using Sackelberg game theory', Applied Energy, vol.373,
pp.123868-1-123868-15, November, 2024.



