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ABSTRACT

The transition from centralized to decentralized power systems has emphasized the importance of
distributed generation (DG) for sustainable and resilient energy delivery. Optimizing power dispatch in
DG networks is challenging due to the nonlinear, multi-objective, and dynamic nature of these systems.
Conventional mathematical programming, metaheuristic algorithms, and hybrid approaches have been
developed to address these challenges, each with distinct advantages and limitations. Recent advances
focus on multi-objective optimization, real-time adaptive techniques, and scalability to effectively manage
the growing complexity of DG networks. This study provides a comprehensive evaluation of these
optimization methodologies to guide future implementations in modern power systems.
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1. Introduction

The increasing global demand for sustainable, reliable, and cost-effective energy solutions has led to the
transformation of traditional centralized power systems into more flexible and decentralized frameworks.
These energy sources, typically deployed closer to the point of consumption, form the backbone of what
is known as Distributed Generation (DG). Unlike conventional centralized power plants, distributed
generation systems offer several advantages, including reduced transmission losses, improved grid
resilience, and enhanced environmental sustainability. However, the integration of DG into existing power
networks presents numerous technical and operational challenges, particularly in the context of optimal
power dispatch. Power dispatch refers to the process of determining the optimal allocation of generation
resources to meet the load demand in a power system while minimizing costs and satisfying system
constraints. In traditional centralized systems, this process is relatively straightforward due to the
centralized control of large-scale generators. However, the introduction of distributed and often
intermittent sources of energy complicates the dispatch process. Moreover, distributed generators are
typically owned and operated by multiple stakeholders, making coordination more complex. In this
complex environment, optimization techniques play a critical role in ensuring efficient power dispatch.
The goal of optimization in this context is to determine the most economical and technically feasible
generation schedule that satisfies various system constraints, including power balance, generator
operating limits, voltage limits, and network capacity constraints. Given the nonlinear, non-convex, and
multi-objective nature of the problem, traditional optimization approaches often fall short in handling the
complexities of distributed networks. This has led to the emergence of a wide range of advanced
optimization techniques tailored for power dispatch in DG systems.
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The most commonly used optimization techniques for power dispatch in distributed generation networks can
be broadly categorized into three groups: conventional mathematical programming methods, metaheuristic
algorithms, and hybrid approaches. Each of these techniques has its strengths and limitations, and their
applicability often depends on the specific characteristics of the power system under consideration. These
methods are well-suited for systems where the objective functions and constraints are linear or mildly
nonlinear. However, they are less effective in handling the complex, dynamic, and multi-modal nature of DG
networks, where uncertainties and multiple conflicting objectives are prevalent. Additionally, conventional
methods often require the problem to be convex, which is not always the case in practical scenarios involving
renewable energy integration. However, these algorithms are often heuristic in nature and may not guarantee
globally optimal solutions. Their performance is also sensitive to the choice of parameters, which requires
careful tuning. Building upon the strengths of both conventional and metaheuristic methods, hybrid
optimization approaches have been proposed to enhance solution accuracy and computational efficiency. For
instance, a hybrid GA-NLP approach may use a genetic algorithm to identify promising regions in the solution
space, followed by an NLP technique to fine-tune the final solution. Such hybrid models have shown improved
convergence rates and better adaptability to the real-time operational constraints of distributed generation
networks. The need for effective optimization techniques becomes even more critical when considering the
broader objectives of modern power systems. This has led to the formulation of multi-objective optimization
problems, where trade-offs must be made between minimizing generation cost, reducing emissions, enhancing
voltage stability, and ensuring fair resource utilization. In such scenarios, multi-objective evolutionary
algorithms (MOEASs) and Pareto-based optimization techniques are particularly useful, as they can generate a
set of optimal solutions representing different trade-offs among conflicting objectives. Moreover, the real-time
nature of modern power systems, especially those with high DG penetration, requires optimization techniques
that are not only accurate but also computationally efficient. The advent of smart grids and the proliferation of
Internet of Things (10T) technologies have enabled real-time monitoring and control of power systems,
allowing for dynamic and adaptive optimization. Techniques such as Model Predictive Control (MPC), online
learning algorithms, and distributed optimization are increasingly being explored to support real-time decision-
making in DG networks. Another important consideration in the evaluation of optimization techniques is
scalability. As the number of distributed energy resources increases, the optimization problem becomes more
complex and computationally intensive. Scalable optimization techniques must be able to handle large-scale
systems without a significant compromise in performance. In this context, parallel computing, cloud-based
optimization, and decentralized algorithms offer promising solutions. Despite the progress made in this field,
several challenges remain. Additionally, the practical implementation of optimization algorithms in real-world
DG networks often involves considerations such as data availability, computational resources, regulatory
frameworks, and stakeholder coordination. This study aims to provide a comprehensive evaluation of existing
optimization techniques for power dispatch in distributed generation networks.

Distributed Generation (DG)
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Figure 1: Schematic of a Distributed Generation (DG) system
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Transformation of Power Systems

Traditionally, electricity generation and distribution were based on centralized power systems, where large-
scale power plants—often fuelled by coal, natural gas, or nuclear energy supplied electricity over long
distances through extensive transmission and distribution networks. While this centralized model ensured
economies of scale and facilitated streamlined management, it also suffered from significant inefficiencies,
including high transmission losses, vulnerability to single-point failures, and limited flexibility in responding
to dynamic load demands. This paradigm shift is characterized by the increasing deployment of Distributed
Generation (DG) technologies, which enable power to be produced closer to the point of consumption. The
integration of these localized, smaller-scale power units into the grid reduces dependency on large central
stations and allows for greater adaptability in energy management. This transformation is further accelerated
by the emergence of smart grid technologies, which use advanced communication and control mechanisms
to enable real-time monitoring, automation, and optimization of power flows. Alongside this, advancements
in the Internet of Things (loT), machine learning, and cloud computing have facilitated predictive
maintenance, demand forecasting, and adaptive grid control strategies. The transformation of power systems
also reflects a broader socio-economic trend toward decarbonization, decentralization, and digitalization—
often referred to as the "3Ds" of energy transition. Decarbonization involves reducing greenhouse gas
emissions through cleaner energy sources. Decentralization distributes generation assets to enhance reliability
and resilience. Digitalization enables smarter control and optimization of distributed resources. However, this
shift introduces new technical challenges, particularly in maintaining grid stability, coordinating diverse
energy sources, and ensuring reliable power dispatch. These issues necessitate the development and
implementation of sophisticated optimization techniques to manage the complexity of distributed energy
networks effectively.

Role of Distributed Generation (DG)
Enhancing Energy Access and Grid Resilience

Improved Electricity Access in Remote Areas: Distributed Generation (DG) allows for the deployment of
localized energy solutions in rural and hard-to-reach regions where grid extension is difficult or uneconomical.
Systems like solar home units, microgrids, and small wind turbines can supply electricity directly to
households and communities, bridging the energy access gap and supporting local development.

Increased Grid Reliability and Emergency Backup: DG enhances the overall dependability and pliability
of the power system by reducing dependence on centralized infrastructure. In case of natural disasters, grid
faults, or large-scale blackouts, DG units can operate independently (via islanding mode) to maintain critical
loads and services. This decentralized structure minimizes vulnerability to system-wide failures and supports
faster recovery.
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Figure 2: Distributed Generation
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Supporting Renewable Energy Integration and Environmental Sustainability

e Facilitating the Transition to Cleaner Energy Sources: Distributed Generation (DG) plays a
pivotal role in integrating renewable energy technologies into the existing power infrastructure.
These technologies are typically installed close to the point of consumption, reducing the reliance
on long-distance transmission and lowering energy losses. One of the primary environmental
advantages of DG lies in its ability to significantly reduce greenhouse gas emissions. As more
renewable-based DG units are connected to the grid, the overall carbon footprint of electricity
generation declines. Moreover, the use of clean energy in DG systems contributes to better air
quality and reduced public health risks, especially in densely populated urban environments. The
integration of renewables through DG also enhances energy diversity and reduces dependence on
imported fuels. This not only benefits the environment but also boosts economic resilience and
energy independence.

e Promoting Sustainable and Decentralized Energy Planning: DG supports a more sustainable
and participatory energy model by encouraging decentralized energy planning. Local
governments, businesses, and communities can invest in and manage their own generation units,
tailoring energy production to local demand and resource availability. This localized control over
energy systems leads to more efficient resource use and aligns energy policies with regional
sustainability goals. This smart coordination is crucial for maintaining grid stability, especially
when dealing with the intermittent nature of renewable sources like solar and wind.

2. Reviews

Miret et al. (2017) Miret et al. developed a lab platform simulating both grid-connected and islanded
modes for distributed renewable generation. Using a dual-core DSP, their system replicated real power
network behaviors. They highlighted its value in analyzing dynamic responses and supporting research
on flexible, renewable-based microgrid integration within deregulated electricity markets.

Athari, Wang, and Eylas (2017) Athari et al. studied PVDG impacts on a real U.S. local distribution
network. They found commercial bus integration minimized losses and improved solar penetration. Their
time-series analysis identified thresholds for voltage stability and reverse flow, guiding optimal PVDG
placement strategies across less-studied geographic regions.

Angeles et al. (2017) Angeles et al. analyzed fault currents in a DG-integrated IEEE 30-bus system using
ETAP software. DG proximity strongly influenced fault intensity. They found that faults at DG-connected
buses caused maximum contribution, and generator removal worsened conditions, stressing accurate fault
analysis for proper protection coordination.

Niazi and Lalwani (2017) Niazi and Lalwani reviewed optimal distributed generation placement using
particle swarm optimization (PSO). Their study categorized models and improvements tailored for
planning and operational goals. They emphasized PSO’s adaptability and effectiveness in addressing
challenges of DER integration in evolving, efficiency-focused power distribution networks.

Sabry (2018) Sabry highlighted distributed generation’s rise due to fossil fuel decline. He traced its
evolution into smart grids and super grids, culminating in virtual power plants. The study emphasized
deregulation, ICT advances, and decentralized models as foundations for future resilient, flexible, and
consumer-driven energy systems.

IJESTI 5 (2) https://doi.org/10.31426/ijesti.2025.5.2.5059 61


http://www.ijesti.com/

Vol 5, Issue 2, February 2025 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

Tolba et al. (2018) Tolba et al. applied PSOGSA and MFO techniques for optimal RDG placement,
aiming to minimize power loss and cost. The MFO method outperformed others and was validated on
Egypt’s Middle East network, proving effective in enhancing voltage profiles and integrating distributed
renewables efficiently.

Li, H., Cui, H.,and Li, C. (2019) Li et al. introduced a nodal loss analysis method for residential networks
with DGs. Using stochastic modeling and Latin hypercube sampling, they captured variability efficiently.
Their approach improved voltage and loss estimations, offering a practical solution for uncertainty
management in DG-rich distribution systems.

Bajaj et al. (2020) Bajaj et al. addressed power quality challenges from renewable DGs and electronic
loads. They developed a performance index and compared effects of different renewables and CPDs.
Their analysis confirmed power quality issues are manageable with proper benchmarking in complex
deregulated distribution networks.

Iweh et al. (2021) Iweh et al. reviewed global trends in DG adoption, citing reliability gaps, strategic
integration, and policy support. They discussed barriers, benefits, and successful country cases.
Emphasizing optimal sizing and placement, they offered guidance for building resilient and efficient
power systems amid growing energy demands.

Leghari et al. (2022) Leghari et al. provided a structured review of DG and SCB integration methods,
highlighting gaps in combined models. They emphasized the need for adaptive solutions and identified
research priorities to support robust distributed network planning and performance improvement through
integrated resource optimization.

Razmi et al. (2023) Razmi et al. examined power quality issues arising from renewable DGs, focusing
on inverter switching and resonance problems. They stressed the role of converter management in
preventing voltage distortion and network inefficiencies, advocating further research to improve
reliability in low and medium voltage grids.

Mahdavi et al. (2024) Mahdavi et al. proposed a DG allocation model incorporating load variability to
reduce energy losses. Using AMPL simulations, their method outperformed traditional approaches in
accuracy and computational speed. They demonstrated its suitability for realistic, cost-effective planning
in dynamic distribution systems with high loss levels.

Maurya, Tiwari, and Pratap (2025) Maurya et al. used the Hippopotamus Optimization Algorithm for
DG placement and network reconfiguration. Tested on 84- and 141-node systems, it enhanced voltage
stability and efficiency. Their nature-inspired method surpassed conventional strategies, offering a novel
solution for modern, cost-effective power distribution systems.

3. Conclusion

Optimization of power dispatch in distributed generation networks is crucial for achieving economic
efficiency, environmental sustainability, and system reliability. While traditional and metaheuristic
techniques have contributed significantly, hybrid and multi-objective optimization methods offer
improved solution quality and adaptability to real-time constraints. Future research should prioritize
scalable and computationally efficient algorithms that can integrate emerging technologies such as smart
grids and loT, addressing practical challenges like data availability and stakeholder coordination. This
holistic approach will facilitate the effective deployment of DG systems and support the evolving needs
of modern power grids.
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