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Optimal energy and load management in distribution networks is a
key issue in power systems aimed at reducing investment and
operational costs. With technological advancements, new resources
such as electric vehicles (EVs) with bidirectional charging and
discharging capabilities (V2G) have emerged as effective tools for
reducing dependency on fossil-fuel-based generation and for
managing load. In this paper, a convex optimization model is proposed
to determine the optimal location and capacity of distributed
generation (DG) units while accurately modeling the behavior of
electric vehicles. The proposed model is formulated as a Mixed-
Integer Second-Order Cone Programming (MISOCP) problem,
enabling precise solutions with guaranteed global optimality. The
nonlinear behavior of EVs is modeled using the Big-M linearization
method. The objective function includes the total costs of investment,
operation, energy procurement from the upstream grid, and energy
losses. Operational constraints such as voltage limits, line flow
capacities, and technical restrictions of resources are also considered.
The model is simulated on the standard IEEE 33-bus distribution
network, and the results of various scenarios show that the
integration of V2G technology leads to significant reductions in total
cost and energy losses. Moreover, sensitivity analysis with respect to
key parameters confirms the structural robustness of the model. The
proposed approach can serve as an effective tool for intelligent
distribution network planning.
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EXTENDED ABSTRACT

Introduction

The integration of distributed generation (DG) and renewable energy sources (RES)
into distribution networks has become a key focus for reducing costs and losses.
Researchers have proposed various methods to address these challenges, including multi-
objective optimization strategies, resilience planning, and active distribution network
(ADN) frameworks. The paper reviews these methods and highlights the importance of
modeling the behavior of EVs and RES to optimize their placement and capacity in
distribution networks. The proposed model aims to provide a comprehensive solution for
minimizing operational costs while integrating EVs and RES into the grid.

Modelling
The proposed model is designed to minimize the total cost, which includes investment

costs, energy purchase costs, energy loss costs, and operational costs of distributed
generation resources. The model incorporates several constraints:

e  Budget Constraints: The total investment in distributed generation resources
must not exceed a predefined budget.

e Power Balance Constraints: The model ensures that the power generated by
distributed generation resources, renewable energy sources, and EVs matches the
power demand in the network.

e Voltage Constraints: The voltage levels at each bus must remain within acceptable
limits to ensure network stability.

e Operational Constraints: The model includes constraints on the maximum power
flow in lines, the operational limits of distributed generation resources, and the
charging/discharging behavior of EVs.

The nonlinear equations related to EV charging and discharging are linearized using the
Big-M method, which allows the problem to be solved using the Gurobi solver. This
linearization ensures that the model can be efficiently solved while maintaining accuracy.

Case study
The proposed model is tested on the IEEE 33-bus distribution network to evaluate its

performance. Four scenarios are considered:

Scenario 1: A budget of $300,000 with EVs and RES connected to the network.
Scenario 2: A budget of $400,000 with EVs and RES connected to the network.
Scenario 3: A budget of $300,000 without RES (only EVs connected).
Scenario 4: A budget of $300,000 without EVs (only RES connected).

Case study
Scenario 1: With a budget of $300,000, the model achieves a total energy purchase of

96 MVAh and energy losses of 361 kVAh. The optimal locations for DG installation are
buses 17, 18, 32, and 33, with capacities of 25, 57, 88, and 45 KVA, respectively.
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Scenario 2: Increasing the budget to $400,000 reduces energy purchases to 93 MVAh
and energy losses to 325 kVAh. The optimal DG locations are buses 17, 18, 31, 32, and 33,
with capacities of 44, 50, 22, 125, and 39 kVA, respectively.

Scenario 3: Without RES, energy purchases increase to 100 MVAh, and energy losses
rise to 377 kVAh. The optimal DG locations are buses 17, 18, 32, and 33, with capacities of
20, 54, 90, and 45 kVA, respectively.

Scenario 4: Without EVs, energy purchases increase slightly to 98.1 MVAh, and energy
losses rise to 373 kVAh. The optimal DG locations are buses 17, 18, 32, and 33, with
capacities of 24, 53, 87, and 44 KVA, respectively.

The results demonstrate that increasing the budget reduces energy losses and
purchase costs. The absence of RES or EVs leads to higher energy losses and increased
purchase costs. The optimal locations for DG installation are consistent across scenarios,
with slight variations in capacity.

Discussion
The study highlights several key findings:

e Impact of Budget: Increasing the budget for distributed generation investment
directly reduces energy losses and the need to purchase energy from the
upstream grid.

e Role of Renewable Energy Sources: The absence of RES leads to higher energy
losses and increased costs, emphasizing the importance of integrating renewable
energy into the distribution network.

e Role of Electric Vehicles: The optimal charging and discharging of EVs
significantly reduce energy losses and purchase costs. Removing EVs from the
network increases these costs, highlighting the importance of V2G technology.

e  Optimal DG Placement: The optimal locations for DG installation remain consistent
across scenarios, with minor variations in capacity, indicating the robustness of the
proposed model.

Conclusion

This paper presents a mixed-integer second-order cone programming (MISOCP) model
for optimal investment in distributed generation resources, aiming to reduce energy losses,
electricity purchase costs, and operational costs. The model incorporates the optimal
charging and discharging of EVs and renewable energy sources, with nonlinear EV
equations linearized using the Big-M method. The model is validated using the IEEE 33-bus
network, and the results demonstrate that increasing the budget reduces energy losses and
purchase costs, while the absence of RES or EVs increases these costs. The proposed model
provides a robust framework for optimizing the integration of distributed generation and
EVs in distribution networks, offering valuable insights for system operators and planners.
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