Computational Intelligence in Electrical Engineering
Vol. 16, No. 4, 2026
pp. 15-30
Research Paper

A Data-Driven Chance Constraint Learning Approach for Dynamic
Pricing of Operational Flexibility Considering Distribution
Networks Security

Milad Zarei Golambahri !, Amirhossein Abdollahi Nahrkhalagi !, Meysam
Doostizadeh!
1 Department of Electrical Engineering, Faculty of Engineering, Lorestan University,
Khorramabad, Lorestan, Iran

Abstract:

The operation of distribution networks, due to uncertainties arising from the presence
of renewable resources and responsive loads, requires the provision of flexibility as a
novel approach in smart distribution networks. In this paper, flexibility provision is
formulated as a bi-level optimization problem. At the upper level, the secure network
operation model is presented. This level incorporates incentive pricing tariffs for
responsive loads while covering chance constraints that guarantee network security
indices. The chance constraints used at this level are modeled to rely on actual data
rather than pre-defined probability distributions such as the normal distribution. In
the process of converting chance constraints into deterministic constraints, machine
learning methods such as linear regression and neural networks are employed. The
lower level of the problem addresses the optimization of responsive loads' profit
from flexibility provision. To transform the aforementioned bi-level problem into a
solvable single-level problem, the lower-level optimization problem is replaced with
its global optimality conditions and modeled as an equivalent constraint optimization
problem. A 33-bus network with renewable resources is used to evaluate the
proposed structure. The results indicate that the reliability of the neural network
method in providing flexibility using dynamic tariffs is higher than other methods.
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