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Short Abstract

The lack of clarity regarding the participation of transmission system operators and their collaboration with distribution system
operators in local flexibility markets is one of the challenges of these markets. So in this study for managing transmission system
unpredicted congestions due to sudden increase in system load with demand side resources, a bilevel flexibility market is presented.
The first level of this market is related to providing TSOs with required services and only DSOs can participate in this level. The
second level consists of local markets in each distribution system that are managed by DSOs and prosumers submit their flexibility
bids in these markets. In this paper, DSO and TSO coordination is based on DSO-managed models. This means that DSO aggregates
all flexibility bids in distribution networks and modifies prosumers' cost functions considering distribution network loss
minimization. The DSO then submits these bids to the first level flexibility market. Modifying prosumers' cost functions is an
optimization problem that is solved using water cycle optimization algorithms.
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Short Introduction

The increasing penetration of distributed generation resources in distribution networks can compromise power quality in terms of the
voltage limit violation and lines congestion. In addition, the uncertainty of these resources' production can restrict the distribution
network’s capacity to integrate more renewable resources by creating problems for system operation. Although increasing the
capacity of the lines and installing transformers with excess capacity will improve distribution network performance, achieving this
goal will require considerable investment costs. Therefore, it is imperative to find alternatives, such as energy storage and demand
response programs. The implementation of local flexibility markets at each distribution network level for using demand side
resources will allow DSOs to solve their problems at the most reasonable cost.

1-  Proposed Work and Methodology

The proposed bi-level flexibility market is independent of the electricity market chain and will be implemented on a day-ahead basis.
A few hours after wholesale day-ahead energy market closure and by specifying the load of each bus at different hours of the day
ahead, TSO performs probabilistic load flow and determines the average power flow of each line in each period. After that TSO
calculates the amount of flexibility required to solve the congestion problem for all lines of the system using the power transfer
distribution factors. By specifying TSO's required services, DSO will submit a buy bid in the local market. In this study demand-side
flexibility resources are defined as consumers who have energy storage systems and try to reduce their costs during peak hours by
providing some of the demand with their storage. These prosumers participate in the local flexibility market by offering their storage
cost functions. DSO amends the proposed cost functions of the participants considering distribution network losses. In order to
reduce the computational burden, only prosumers with a notable contribution to losses can participate in the local market. For this
purpose, DSO calculates the share of each load in loss using the loss allocation process according to the results of the wholesale day-
ahead energy market. In order to reduce distribution network losses and increase acceptance chances by making flexibility services
cheaper for the TSO, they modify prosumers' cost functions. Therefore, this process can be considered a multi-objective optimization
problem, where the prosumers' proposed cost function coefficients are the decision variables. The optimization problem is solved
using the water cycle optimization algorithm.

2-  Conclusion

In this study, a bi-level framework for the local flexibility market has been devised that makes it possible to manage transmission
system congestion using demand-side resources by considering distribution network performance improvement. The bi-level
framework has a shorter market clearance time (due to less computational complexity) compared to other market frameworks.
Besides coordinating TSO and DSO without sharing extensive amounts of information, and maintaining their independence, this is
another feature of a local flexibility market. Future works can include modeling the competition between rival DSOs in providing
TSOs required flexibility services, designing an intraday flexibility market for low probable congestions, and developing the
proposed model by adding the third level, including the micro markets available at the microgrid level.
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