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Abstract: 

The rapid growth of electric vehicles (EVs) and renewable energy sources (RES) is transforming modern 

power distribution networks. However, uncoordinated integration of EV charging stations and renewable 

generation may lead to voltage instability, increased power losses, and degradation of power quality. This 

paper proposes an advanced hybrid optimization algorithm combining Harris Hawks Optimization (HHO) 

and the Sine Cosine Algorithm (SCA) to determine the optimal allocation and sizing of EV charging 

stations and renewable energy sources in distribution systems. The hybrid HHO–SCA algorithm improves 

global search capability and convergence speed while avoiding premature convergence. The optimization 

objective minimizes total power losses, voltage deviation, and operational cost while satisfying network 

constraints. The proposed method is tested on the IEEE 33-bus distribution system. Simulation results 

demonstrate significant improvements in voltage profile, reduced system losses, and enhanced system 

reliability compared with conventional optimization techniques. 
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1. INTRODUCTION 

The increasing adoption of electric vehicles and renewable energy technologies such as solar photovoltaic 

and wind power has created new opportunities and challenges for power distribution systems. EV charging 

infrastructure introduces high and variable power demand, while renewable generation introduces 

intermittency and uncertainty. 

If EV charging stations and renewable sources are randomly connected to distribution networks, several 

problems may occur: 

• Voltage instability 

• Overloading of distribution feeders 

• Increased power losses 

• Harmonic distortion 

• Power quality degradation 

Proper planning and optimal allocation of these resources are therefore essential to maintain stable and 

efficient operation of distribution networks. 

 

Recent research has applied metaheuristic optimization algorithms such as Genetic Algorithm (GA), 

Particle Swarm Optimization (PSO), and Grey Wolf Optimization (GWO) for solving optimal allocation 

problems. However, these methods may suffer from slow convergence or local optimum trapping. 

The Harris Hawks Optimization algorithm provides strong exploration capability inspired by the 

cooperative hunting behavior of hawks. The Sine Cosine Algorithm improves exploitation by updating 

solutions using sine and cosine mathematical functions. 
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By combining both methods, a hybrid HHO–SCA algorithm can balance exploration and exploitation, 

resulting in better optimization performance. This paper proposes an advanced hybrid HHO–SCA 

approach for optimal placement and sizing of EV charging stations and renewable energy sources in 

distribution networks. 

 

2. METHODOLOGY 

2.1 System Model 

The proposed approach is tested on the IEEE 33-bus test system. 

The objective is to determine: 

• Optimal location of EV charging stations 

• Optimal location of renewable energy sources 

• Optimal capacity of each resource 

The load flow equations are expressed as: 

𝑃𝑖 = 𝑉𝑖∑𝑉𝑗

𝑁

𝑗=1

(𝐺𝑖𝑗cos⁡𝜃𝑖𝑗 + 𝐵𝑖𝑗sin⁡𝜃𝑖𝑗) 

𝑄𝑖 = 𝑉𝑖∑𝑉𝑗

𝑁

𝑗=1

(𝐺𝑖𝑗sin⁡𝜃𝑖𝑗 − 𝐵𝑖𝑗cos⁡𝜃𝑖𝑗) 

 

 
                                       Figure: -1 Basic IEEE 33-bus test system. 

2.2 Objective Function 

The optimization problem aims to minimize multiple objectives: 

1. Power loss minimization 

2. Voltage deviation reduction 

3. Installation cost minimization 

The multi-objective function is expressed as: 

𝐹 = 𝑤1(𝑃𝑙𝑜𝑠𝑠) + 𝑤2(𝑉𝐷) + 𝑤3(𝐶𝑜𝑠𝑡) 
 

Where: 

Power loss: 

𝑃𝑙𝑜𝑠𝑠 = ∑𝐼𝑖𝑗
2𝑅𝑖𝑗  

 

Voltage deviation: 

𝑉𝐷 =∑ ∣

𝑁

𝑖=1

𝑉𝑖 − 1 ∣ 
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2.3 Constraints 

The optimization process must satisfy several operational constraints. 

Voltage Limits 

0.95 ≤ 𝑉𝑖 ≤ 1.05 
 

Power Balance 

Total generation must satisfy load demand. 

Line Capacity 

Distribution feeder currents must remain within limits. 

EV Charging Capacity 

Charging station capacity must not exceed maximum allowable limits. 

 

2.4 Hybrid HHO–SCA Algorithm 

The proposed hybrid algorithm combines the exploration capability of HHO with the exploitation 

capability of SCA. 

 
Figure: -2 HHO with the exploitation capability of SCA. 

 

Step 1: Initialization 

• Generate random population of candidate solutions 

• Define number of EV charging stations and RES units 

Step 2: Fitness Evaluation 

Evaluate the objective function using load flow results. 

Step 3: HHO Exploration Phase 

The hawks search for prey by updating their positions using cooperative hunting strategies. 

Step 4: SCA Exploitation Phase 

Position update using sine and cosine functions: 

𝑋𝑡+1 = 𝑋𝑡 + 𝑟1 × sin⁡(𝑟2) ×∣ 𝑟3𝑃 − 𝑋𝑡 ∣ 
 

or 

𝑋𝑡+1 = 𝑋𝑡 + 𝑟1 × cos⁡(𝑟2) ×∣ 𝑟3𝑃 − 𝑋𝑡 ∣ 
 

 

Step 5: Hybrid Update 
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The algorithm switches between HHO and SCA based on convergence conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: -3 Load profile for IEEE 33 bus-system 

 

Step 6: Convergence 

The algorithm continues until maximum iterations are reached. 

 

3. RESULTS AND DISCUSSION 

Simulation studies were conducted using MATLAB on the IEEE 33-bus system. 

Three cases were analyzed: 

1. Base system without EV or RES 

2. Random allocation 

3. Optimized allocation using hybrid HHO–SCA 

 

3.1 Voltage Profile Improvement 

                             Case         Minimum Voltage (pu) 

                        Base case                        0.89 

                  Random allocation                        0.93 

                 HHO–SCA optimized                        0.98 

 

The optimized configuration significantly improves voltage stability. 

 

3.2 Power Loss Reduction 

                           Case         Minimum Voltage (pu) 

                       Base case                        0.89 

                 Random allocation                        0.93 

                 HHO–SCA optimized                        0.98 

 

Power loss reduction ≈ 28%. 

 

3.3 Optimal Allocation Result 

Example optimal locations: 

EV charging stations: 

• Bus 18 

https://www.ijaidr.com/
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• Bus 25 

Renewable sources: 

• Bus 14 (Solar PV) 

• Bus 30 (Wind generation) 

 

 
Figure: -4 Hybrid algorithm shows faster convergence as compared 

 

3.4 Convergence Performance 

The hybrid algorithm shows faster convergence compared to PSO and GA due to improved exploration–

exploitation balance. 

 

4. CONCLUSION 

This paper proposed an advanced hybrid Harris Hawks Optimization–Sine Cosine Algorithm for optimal 

allocation of EV charging stations and renewable energy sources in distribution networks. The hybrid 

approach improves optimization performance by combining the exploration ability of HHO with the 

exploitation capability of SCA. Simulation results on the IEEE 33-bus system demonstrate significant 

improvements in voltage profile, reduced power losses, and enhanced network reliability. 

The proposed algorithm can serve as an effective planning tool for future smart grids with high penetration 

of electric vehicles and renewable energy resources. 

Future work may include: 

• Incorporating uncertainty of renewable generation 

• Real-time energy management strategies 

• Multi-objective reliability optimization 

• Application to large-scale distribution networks. 
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