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This research presents a novel model for optimizing load and energy
management in active distribution networks with prosumer
(producer-consumer) features. The proposed model aims to
simultaneously reduce costs and energy losses, specifically focusing
on optimizing electricity generation costs by prosumers, energy losses
in the network, load reduction, and costs associated with renewable
resource curtailment. Simulation results demonstrate that the
proposed model reduces energy losses by up to 14.5% and improves
network voltage quality. Additionally, peak loads are reduced by 10%,
and energy costs are lowered by 5%. By employing demand
management strategies, the model establishes optimal coordination
between energy production and consumption in the grid and creates
improved conditions for selling electricity generated by prosumers,
resulting in an 8% increase in their profitability. The optimization
model effectively solves mixed-integer and complex optimization
problems using advanced tree-search algorithms, such as branch and
bound, enhancing solution speed and accuracy. These results
highlight the model’s positive impact on improving the efficiency,
stability, and productivity of active distribution networks, as well as
its high potential for enhancing energy resource management in
smart grids.
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EXTENDED ABSTRACT

Introduction

The increasing involvement of prosumers in active distribution networks (ADNs)
presents new challenges in balancing energy generation, consumption, and storage. In line
with the European Commission's 2050 decarbonization goals, efficient integration of
renewable energy sources (RES) and energy storage systems (ESS) is essential. However,
many existing studies address only specific aspects of energy optimization, often
overlooking the need for a comprehensive approach that includes technical, economic, and
social factors. This study introduces a multi-objective optimization model designed to
minimize energy losses, reduce operational costs and peak loads, and at the same time,
improve voltage stability and prosumer profitability.

Methodology

The proposed model integrates prosumers, photovoltaic (PV) systems, energy storage
systems (ESS), and flexible loads into a unified optimization framework. The methodology
is structured around four main objective functions.

The first objective is to minimize energy procurement costs for prosumers. This involves
reducing the net cost resulting from purchasing electricity from the grid and selling excess
electricity back to the grid across different time periods.

Fy(PhoPhe) = D) (cbPh, = ciPi,) AT

neN teT

The second objective targets the reduction of energy losses in the distribution lines.
These losses are primarily determined by the line resistance and power flow on each branch

of the network over time.
FZ(B) = z Z C?(rnmlnm,t)AT

nmeB teT

The third objective aims to minimize the cost of curtailing photovoltaic generation. This
is achieved by comparing the available solar generation in each scenario with the actual
injected PV power, with the associated cost penalties included in the formulation.

F3(PE,) = Z o, (Z Z ¢? (Pres — Phe) AT)

SES neN teT

The fourth objective focuses on minimizing the penalties associated with load shedding.
This is modeled by assessing the deviation of the demand response-adjusted load from the
original load profile under various scenarios.

(PR = o, (Z PGS Pﬁ?f)AT)

SES NeN teT

The total objective function is formulated as the weighted sum of these four objectives,
with the goal of finding a balanced solution that minimizes cost, losses, curtailment, and load
reduction penalties.
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FT = mln(Fl + FZ + F3 + F4)

The model also includes several operational constraints. These include power balance
equations, which ensure that power injected into the network equals the total consumption
and losses, and voltage constraints, which maintain network stability. Additional constraints
account for the prosumer energy balance, considering the interaction between PV
generation, demand response, and energy storage charging and discharging. Furthermore,
the flexibility of demand response is modeled using upper and lower bounds around the
baseline load, allowing for a controlled adjustment of consumption within a predefined
range.

an,t = rnmlnm,t + Pr?,t + z Pmk,t vnmeB,teT
KEN,k*n
PS, = PPR —pP — pdis 4 pch yneN,teT
Pt — Pk oXxe<PPR<PL +PL xe VneNteT,s€S

The optimization problem is formulated as a mixed-integer second-order cone
programming (MISOCP) model. To address the inherent uncertainties in renewable energy
source (RES) generation and load demand, the model is solved using the SCIP solver. This
solver employs branch-and-bound techniques, which are effective in handling the
combinatorial nature of integer variables while ensuring convergence to globally optimal or
near-optimal solutions.

Results and discussion

The proposed model was evaluated on a standard 33-bus distribution network under
various demand-side management (DSM) scenarios. The outcomes highlight the impact of
integrating flexible loads and prosumer-based energy trading on system performance.
According to Table 1, as DSM participation increases from 0% to 10%, energy losses in the
network decrease from 0.195 MWh to 0.143 MWh. This represents a 14.5% reduction,
which demonstrates the effectiveness of DSM in reducing power flow through the network
and hence minimizing line losses. Voltage stability is also improved. The minimum voltage
in the network increases from 0.976 p.u. to 0.979 p.u., and the maximum voltage decreases
from 1.040 p.u. to 1.032 p.u. This leads to a narrower and more stable voltage range, which
is crucial for maintaining the quality of power supply and reducing stress on voltage-
sensitive equipment. From an economic standpoint, enabling DSM and prosumer trading
contributes to a higher profitability for participants. The simulations show that prosumers
benefit from an 8% increase in profit, mainly due to better alignment between production
and consumption, and efficient energy exchange strategies based on time-varying electricity
prices. In terms of computational performance, the model's complexity increases with
higher DSM levels. The solution time grows from 22 seconds in the base case (no DSM) to
61 seconds when 10% of the demand is considered flexible. This increase is expected, as the
optimization must account for more variables and scenarios. However, the improved system
performance and cost savings justify the added computational effort. Overall, the results
confirm that DSM and flexible loads can significantly enhance the technical and economic
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Table 1. Performance comparison under different demand-side management (DSM)

scenarios.
Case Energy Loss (MWh) Min Voltage (p.u.) Max Voltage (p.u.) Peak Load (MW)
No DSM 0.195 0.976 1.040 0.420
5% DSM 0.167 0.977 1.036 0.399
10% DSM 0.143 0.979 1.032 0.378

Power grid

£

-

Industrial

machinery

b 3

Figure 1. Proposed prosumer-integrated ADN model.

Conclusion

The developed model effectively tackles the technical and economic challenges in active
distribution networks (ADNs) involving prosumers. The results indicate clear
improvements, including reduced energy losses, better voltage regulation, and increased
profitability for prosumers through optimized energy management. The framework
demonstrates practical value for enhancing grid performance while supporting
decentralized energy resources. Future extensions of this work will focus on incorporating
electric vehicles (EVs) and more complex uncertainty modeling to further improve system
flexibility and resilience. This research contributes a solid foundation for advancing scalable
and sustainable smart grid operations.
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