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A B S T R A C T

This study introduces a data-driven Volt-Var control strategy aimed at maximizing hosting capacity (HC) and 
mitigating voltage violations in distribution networks. Central to the proposed methodology is a quantized one- 
dimensional convolutional neural network (QCNN), developed to emulate optimal Volt-Var control decisions. 
Post-training quantization is applied, resulting in tenfold reduction in model size, making QCNN well-suited for 
deployment on resource-constrained edge devices. The training data is prepared using Modified Reptile Search 
Algorithm, which determines optimal Volt-Var control set points for HC maximization. The QCNN model trained 
offline processes measurements from the test network to predict the optimal reactive power reference points, 
which are supplied to the Decoupled Finite Control Set Model Predictive Controller (D-FCS-MPC). The D-FCS- 
MPC subsequently determines the optimal inverter switching states to directly regulate reactive powers to the 
predicted reference values. The methodology is validated using model of a real-world medium voltage (MV) 
network situated in Vaasa, Finland, known as the Sundom Smart Grid (SSG). Both simulation and OPAL-RT based 
real time results confirms the effectiveness of the proposed methodology in maximizing hosting capacity and 
ensuring grid stability.

1. Introduction

The increasing penetration of renewable energy sources like PV and 
wind generation presents significant challenges related to the power 
system stability and managing hosting capacity (HC) [1]. A report 
submitted by Clean Energy Group in May 2023 points out that about 
429 MW of energy storage and 2,321 MW of PV capacity are stuck in 
interconnection queues in Massachusetts [2].The reason being the 
limiting HC of the existing grid. Also, Yle News report that continued 
development of large-scale solar farms in eastern Finland could create 
bottlenecks in the FINGRID transmission network. These challenges 
demand a systematic evaluation of the grid known as hosting capacity 
analysis.

Regulators and distributed system operators (DSOs) are particularly 
interested in determining the extent to which the current power systems 
can handle the future generation and demand without violating system 
limits. HC is defined as “the total DER capacity that can be accommo
dated on a given feeder without adversely impacting reliability and 

stability of the grid” [3]. The HC of a network is usually limited by 
frequency fluctuations, power quality issues, voltage limits, thermal 
limits and protection measures [4]. Thermal overloading and over
voltage are the most crucial factors that limits the HC of a distribution 
network. DERs are connected to the grid through smart inverters (SIs). 
These SIs, equipped with efficient control functions, offers an efficient 
solution for increasing the HC of distribution networks [5,6].

Numerous methods have been studied in the literature to evaluate 
and improve the distribution network hosting capacity [7–9].In [10], a 
Differential Evolution (DE) optimizer was explored to identify the 
optimal placement, sizing, and power factor (pf) of DERs, with the pri
mary goals of minimizing network losses and maximizing DER pene
tration. Similarly, the study in [11] employed a modified Particle Swarm 
Optimization algorithm to determine optimal power factor settings for 
preventing voltage violations in a real-world feeder. Volt-Var (Q(V)) 
control is one of the most widely used SI control modes for mitigating 
voltage violations and maximizing hosting capacity (HC) in distribution 
networks [12–14]. In [15], a Particle Swarm Optimizer was employed to 
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