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The integration of distributed energy resources (DERs) in modern power systems 

necessitates advanced optimization strategies to ensure both economic viability and 

technical reliability. This paper presents a comprehensive comparison of four 

metaheuristic algorithms: Rank-based Compact Evolutionary Design Using Mutual 

Dependency Algorithm (RCEDUMDA), Modified RCEDUMDA, Teaching-Learning-

Based Optimization (TLBO), and Particle Swarm Optimization (PSO). The algorithms 

are implemented on a modified IEEE 14-bus system integrated with DERs including 

solar photovoltaic (PV), wind turbines, and energy storage systems (ESS). The primary 

objective is to maximize aggregator profit while minimizing system losses, voltage 

deviations, and optimizing DER and ESS utilization. Evaluation metrics include 

convergence behavior, computational efficiency, system stability, runtime, and 

resource utilization. Results show that Modified RCEDUMDA achieves the highest 

aggregator profit with enhanced stability and efficiency, making it a robust choice for 

smart grid optimization. 

Keywords: Metaheuristic optimization, Aggregator profit, RCEDUMDA, TLBO, PSO, 

Distributed energy resources, IEEE 14-bus system, Energy storage system 

INTRODUCTION 

The global energy landscape is transitioning towards decentralized generation through the proliferation of renewable 

energy sources such as solar and wind. This shift brings new challenges in terms of system stability, power quality, 

and economic operation. Distributed Energy Resources (DERs) (e.g. Solar Photovoltaic systems[1], Wind mills, 

Electric vehicles[2]) and Energy Storage Systems (ESS)[3] play a pivotal role in enhancing the resilience and 

sustainability of power systems.[4] However, the inherent variability of renewable sources demands advanced control 

and optimization techniques to harness their full potential. 

In this context, aggregators serve as intermediaries that manage DERs[5], enabling participation in energy markets 

and grid services. Optimizing the operations of aggregators is crucial to achieving economic and technical 

objectives[6]. Metaheuristic algorithms are well-suited for such complex, non-linear problems due to their flexibility 

and global search capabilities[7]. This study compares the performance of four such algorithms on a common test 

platform to determine their effectiveness in optimizing DER-integrated systems[8]. 

METHODOLOGY 

Test System Setup 

The IEEE 14-bus system is modified to include DERs at specific buses: 

mailto:dipaksahay86@gmail.com
https://orcid.org/0009-0004-4311-6537
https://orcid.org/0000-0003-0892-0453
https://orcid.org/0009-0005-6388-3765
https://orcid.org/0009-0000-3584-8130
https://orcid.org/0009-0000-5784-6953
https://orcid.org/0009-0000-5669-2139


Journal of Information Systems Engineering and Management 
2024, 9(4s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 818 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

• Solar PV at Bus 3[9] 

• Wind turbine at Bus 6 

• Energy Storage System at Bus 14 

The network is modeled using the MATPOWER toolbox in MATLAB. The simulation is carried out for 

RCEDEMDA[10], Modified RCEDUMDA, TLBO and PSO optimization techniques[11]. During the runs of all the 

techniques, real and reactive power demands[12], DER availability profiles[13], and dynamic pricing have been 

observed[14].  

Optimization Algorithms 

• RCEDUMDA[15]: Employs probabilistic modeling with rank-based selection and mutual dependencies to 

guide search processes.[16] 

• Modified RCEDUMDA: Enhances RCEDUMDA by incorporating adaptive learning rates and elitist 

selection to improve convergence. 

• TLBO: Inspired by teaching and learning dynamics, it avoids algorithm-specific parameters, making it 

simple yet effective[17]. 

• PSO: Mimics the social behavior of birds flocking, optimizing solutions through collaborative exploration 

and exploitation[18]. 

Objective Function 

All the above-mentioned optimization techniques are run for the profit maximization of the aggregators[19] and for 

the system parameters optimization. For that the mathematical model[20] has been framed with the help of the 

following equations.[21] 

The multi-objective problem is represented as: 

                                                               𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒 𝐽 = 𝛼1. 𝐴𝑃𝑟𝑜𝑓𝑖𝑡 − 𝛼2. 𝑆𝑦𝑠𝐿𝑜𝑠𝑠 − 𝛼3. 𝑉𝐷𝑒𝑣                                                           (1) 

Where: 

𝐽 =  𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑡𝑜 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒  

𝛼1, 𝛼2, 𝛼3 = 𝑆𝑦𝑠𝑡𝑒𝑚 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑜𝑟 𝑝𝑟𝑜𝑓𝑖𝑡, 𝑆𝑦𝑠𝑡𝑒𝑚 𝑙𝑜𝑠𝑠 𝑎𝑛𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛𝑠  

𝐴𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑜𝑟′𝑠 𝑃𝑟𝑜𝑓𝑖𝑡  

𝑆𝑦𝑠𝐿𝑜𝑠𝑠 = 𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚  

𝑉𝐷𝑒𝑣 = 𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛𝑠  

Subject to: 

• Power balance constraints. 

• DER generation and ESS charge/discharge limits. 

• Voltage and current constraints at each bus. 

PROBLEM FORMULATION 

The plateform opted for the runs of all the mentioned methods is modified IEEE 14 bus system with the inclusion of 

the DERs. The parameters which we have compared in this paper have been formulated using the following equations 

(2), (3), (4), (5) and (6). The overall objective function that needs to be maximized is mentioned as equation (1)[22]. 

Aggregator Profit Maximization 

                                                                        𝑃𝑟𝑜𝑓𝑖𝑡 = ∑ (𝑃DER,𝑡 ⋅ λ𝑡 − 𝐶op,𝑡)𝑡                                                                                 (2) 
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Voltage Deviation Minimization 

                                                                                 𝑉𝐷 = ∑ |𝑉𝑖 − 𝑉ref|
𝑁
𝑖=1                                                                                            (3) 

System Loss Minimization 

                                                       𝑃loss = ∑ ∑ 𝐺𝑖𝑗(𝑉𝑖
2 + 𝑉𝑗

2 − 2𝑉𝑖𝑉𝑗 cos(θ𝑖 − θ𝑗))𝑁
𝑗=1

𝑁
𝑖=1                                                                        (4) 

DER and ESS Utilization 

                                                                                 ηDER =
∑ 𝑃DER,𝑡𝑡

∑ 𝑃DER,max,𝑡𝑡
                                                                                              (5) 

                                                                                    ηESS =
∑ |𝐸dis,𝑡|𝑡

𝐸rated
                                                                                                  (6) 

Where:  

η =  𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑜𝑟 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 

𝑃loss = 𝑆𝑦𝑠𝑡𝑒𝑚 𝑃𝑜𝑤𝑒𝑟 𝐿𝑜𝑠𝑠 

𝜆𝑡 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑡 

𝑃𝐷𝐸𝑅,𝑡 = 𝑃𝑜𝑤𝑒𝑟 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑏𝑦 𝐷𝐸𝑅 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑡 

𝐶𝑜𝑝,𝑡 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐶𝑜𝑠𝑡 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑡 

𝐸𝑑𝑖𝑠,𝑡 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑓𝑟𝑜𝑚 𝐸𝑆𝑆 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑡 

𝐸𝑟𝑎𝑡𝑒𝑑 = 𝑅𝑎𝑡𝑒𝑑 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝐸𝑆𝑆 

𝐺𝑖𝑗 = 𝐶𝑜𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝐵𝑢𝑠 𝑖 𝑎𝑛𝑑 𝑗 

𝑉𝑖 , 𝑉𝑗 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑀𝑎𝑔𝑛𝑖𝑡𝑢𝑑𝑒𝑠 𝑎𝑡 𝐵𝑢𝑠𝑒𝑠 𝑖 𝑎𝑛𝑑 𝑗 

θ𝑖 , θ𝑗 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝐴𝑛𝑔𝑙𝑒𝑠 𝑎𝑡 𝐵𝑢𝑠𝑒𝑠 𝑖 𝑎𝑛𝑑 𝑗 

The global energy landscape is transitioning towards decentralized generation through the proliferation of renewable 

energy sources such as solar and wind. This shift brings new challenges in terms of system stability, power quality, 

and economic operation. Distributed Energy Resources (DERs) and Energy Storage Systems (ESS) play a pivotal role 

in enhancing the resilience and sustainability of power systems. However, the inherent variability of renewable 

sources demands advanced control and optimization techniques to harness their full potential. 

RESULTS AND DISCUSSION 

Performance Evaluation 

All the mentioned optimizations methods are tested on a common platform of modified IEEE 14 bus system with the 

integration of DERs. After the successful runs of all the techniques the following data shown in Table.1 have been 

obtained. 

Table 1. Comparision of Metaheuristic methods over different parameters 

Algorithm 
Aggregato

r Profit ($) 

Runtim

e (Sec) 

Convergenc

e Iterations 

Voltage 

Deviatio

n (pu) 

Syste

m Loss 

(MW) 

DER 

Utilizatio

n (%) 

ESS 

Utilizatio

n (%) 

RCEDUMD

A 
920.5 12.4 55 0.032 1.23 84.2 76.3 

Modified 

RCEDUMD

A 

1015.2 10.1 40 0.024 1.08 89.6 83.7 
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TLBO 890.2 13.2 70 0.036 1.35 80.1 71.4 

PSO 870.7 11.8 65 0.041 1.48 77.9 69.2 

Analysis 

The comparative analysis reveals that Modified RCEDUMDA demonstrates superior performance across all key 

metrics. Figure 1. shows the comparison of mentioned methods on the bases of the number of iterations taken for the 

convergence. 

 

Figure 1. Nos of iterations to converge 

In Figure 2. the comparision has been done for the time taken by every metaheuristic technique. In that comparison 

the Modified RCEDUMDA outperformed among the all.  

 

Figure 2. Runtime in seconds for every technique 
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Its faster convergence indicates improved exploration and exploitation mechanisms, likely due to the integration of 

elitist learning and adaptive parameter adjustment. This makes the algorithm particularly well-suited for systems 

with highly variable DER profiles. The higher aggregator profit confirms its ability to schedule DER and ESS 

operations effectively in response to dynamic pricing. It has been compared in the Figure 3. 

 

Figure 3. Aggregator profit 

The system voltage deviation in pu has been plotted for all the techniques as shown in Figure 4. In that corner also 

Modified RCEDUMDA outperformed among the all the techniques. 

 

Figure 4. Voltage deviation comparision 

Figure 5. show the comparison of system loss in pu. In that case also Modified RCEDUMDA outperformed among all 

the mentioned metaheuristic optimization techniques[23].  

 

Figure 5. Total loss of the system for every technique 
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As shown in Figure 6. the maximum utilization of the DERs and ESS have been made by the Modified RCEDUMDA 

technique among the all the mentioned optimization techniques. 

 

Figure 6. DERs and ESS utilization for every technique 

RCEDUMDA also performed competitively, particularly in maintaining low voltage deviation and moderate losses, 

although it lagged behind its modified version in terms of computational efficiency. TLBO, while simple and 

parameter-free, showed limitations in convergence speed and optimization precision, possibly due to its less 

aggressive search strategy. PSO, although robust and widely applied, was outperformed in most metrics, likely 

because of premature convergence and sensitivity to parameter tuning. 

These findings highlight the trade-offs among different optimization techniques and suggest that algorithmic 

customization—like the modifications in RCEDUMDA—can lead to significant improvements in performance. 

System operators aiming for high economic returns and grid stability should consider adopting such tailored 

metaheuristics. 

CONCLUSION 

This study underscores the effectiveness of metaheuristic algorithms in managing complex energy systems integrated 

with DERs. Table 2. shows the comparison of all the mentioned techniques for mentioned parameters with respect 

to Modified RCEDUMDA technique. 

Table 2. System parameters percentage comparision w.r.t. Modified RCEDUMDA 
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Parameters 

As 

compared to 

TLBO 

As 
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As 

compared to 

RCEDUMDA 

Aggregator Profit ($) 14.0% 16.6% 10.3% 

Runtime (Sec) 23.5% 14.4% 18.5% 

Convergence Iterations 42.9% 38.5% 27.3% 

Voltage Deviation (pu) 33.3% 41.5% 25.0% 

System Loss (MW) 20.0% 27.0% 12.2% 

DER Utilization (%) 11.9% 15.0% 6.4% 

ESS Utilization (%) 17.2% 21.0% 9.7% 
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Modified RCEDUMDA performed around 14% better than TLBO, 17% better than PSO and 10% better than 

RCEDUMDA technique in terms of Aggregator’s profit. Among the four compared techniques, Modified RCEDUMDA 

emerged as the most efficient in maximizing aggregator profit, enhancing system reliability, minimizing losses, lowest 

voltage deviations and maximum utilizations of DER & ESS. These results provide valuable guidance for system 

operators and researchers in selecting suitable algorithms for distributed energy optimization. 

FUTURE WORK 

Future extensions of this work could involve: 

• Incorporating real-time demand response and electric vehicle charging dynamics 

• Extending analysis to larger test systems like IEEE 33- or 69-bus networks 

• Hybridizing algorithms to combine global and local optimization strengths 

• Validating models using real-world DER datasets and market conditions 
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