
Neuroquantology | July 2020 | Volume 18 | Issue 7 | Page 290-295 | Doi: 10.48047/nq.2020.18.7.NQ20203 
Ashish Tripathi, An Optimization-Based Approach for the Optimal Placement of Solar Distributed Generation Systems 

 

290 
eISSN: 1303-5150 www.neuroquantology.com  

 
 

An Optimization-Based Approach for the Optimal Placement of 

Solar Distributed Generation Systems 

 
Ashish Tripathi1 Mratyunjay Singh2 Ashish Srivastava3 

 

 

 

 

Rajkiya Engineering College Banda 

ashishtripathi@recbanda.ac.in 

1Rajkiya Engineering College Banda 

msingh@recbanda.ac.in 

1Rajkiya Engineering College Banda 

ashishsrivastava@recbanda.ac.in 

 

 

 

Abstract— The combination of environmental concerns, 

power consumption, and the penetration of renewables in 

the distribution system is attracting a lot of attention. A 

distribution system must have renewable sources scaled 

and positioned properly. While effective placement and 

size of renewable sources can minimize energy losses and 

voltage deviation, improper allocation and sizing results 

in higher network losses and poor voltage profile. The 

problem of placement and size is nonconvex and 

nonlinear. This study proposes the use of the particle 

swarm optimization (PSO) method for multi-objective 

constrained optimization in order to optimally design and 

distribute solar panels based on distributed generation in 

distribution systems. Additionally, this work takes into 

account many DG situations and includes temporal 

variant generation and load. The voltage variation and 

losses are greatly reduced, according to the results. 

Keywords—Renewable, Distribution Generation (DG), Mult 

objective optimization, 

 

1. INTRODUCTION 

The rapidly rising global energy demand, global warming, and 

the depletion of fossil fuel supplies present significant 

challenges for the electrical energy sector. There is a limit to 

fossil fuels, and their irreversible use contributes to global 

warming. This has inspired scientists to focus on alternative 

energy sources. Significant advancements have been made in 

solar, wind, and tidal energy. 

The rapid growth in electrical load demand and increasing 

environmental concerns have accelerated the integration of 

renewable energy–based distributed generation (DG) into 

power distribution systems. Among various DG technologies, 

solar photovoltaic (SPV) and wind-based systems have gained 

significant attention due to their clean nature and ease of deployment 

near load centers. However, conventional radial distribution systems, 

characterized by high resistance-to-reactance (R/X) ratios, are 

inherently prone to high power losses and poor voltage regulation. 

Consequently, the optimal sizing and placement of DG units have 

emerged as a critical research area to ensure technical, economic, and 

operational benefits. Early research on DG allocation primarily 

focused on analytical approaches aimed at minimizing real power 

losses. Acharya et al. and Wang and Nehrir developed loss-based 

analytical formulations to determine optimal DG locations, 

demonstrating reduced feeder losses with minimal computational 

effort. Building on this direction, Singh and Parida incorporated cost 

considerations into DG placement using mixed-integer nonlinear 

programming, highlighting the trade-off between economic and 

technical objectives. 

Although analytical methods are fast and simple to implement, they 

are often limited in handling multiple objectives and complex 

operational constraints.To overcome these limitations, heuristic and 

metaheuristic optimization techniques have been extensively 

explored. P. Kayal and C.K. Chanda [1] proposed a constrained multi-

objective Particle Swarm Optimization (PSO) approach for optimal 

placement of wind and solar DGs, targeting both power loss 

reduction and voltage stability improvement. Similarly, S. Daud et 

al. [2] performed a comparative analysis of heuristic techniques, 

including PSO, Gravitational Search Algorithm (GSA), and 

Improved GSA (IGSA), and demonstrated that IGSA outperformed 

other methods in optimizing photovoltaic DG placement with respect 

to loss minimization, voltage deviation, and power quality indices. 

Further advancements emphasized the importance of multiple 

distributed generation placement, M. Jamil and A.S. Anees [3] 

presented an analytical approach for optimal sizing and location of 

SPV-based multiple location distributed generation (MLDG) in 

primary distribution systems. In addition to DG placement, recent 

studies have highlighted voltage regulation challenges arising from 

high solar penetration, such as reverse power flow and voltage rise. 

H. Nazaripouya et al. [4] addressed this issue by proposing an 

analytical impedance-matrix-based method for optimal sizing and 

placement of battery energy storage systems (BESS) in distribution 

networks with solar generation. Other studies, such as Kumar, I. S., 

& Navuri, P. K. [5] article presents a simple and efficient approach 

for the placement of multiple Distributed Generators (DG) in a radial 

distribution system. The approach determines the optimal locations 

and size of DGs with the objective of improving the voltage profile. 
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candidate locations for the multiple DG placements and 

Simulated Annealing (SA) is used to estimate the optimal size 

of DGs at the optimal locations determined. Nazaripouya et al. 

[6] proposed an analytical method for determining the 

minimum size and optimal location of battery energy storage 

systems in distribution networks with high solar penetration. 

Unlike traditional recursive load-flow-based approaches, the 

authors employed an impedance matrix formulation to derive 

closed-form expressions for voltage sensitivity. Jamil and 

Anees [7] presented an analytical approach for optimal sizing 

and location of SPV-based distributed generators in primary 

distribution systems. The main objectives were power loss 

reduction, voltage profile enhancement, and economic 

feasibility. Shukla, T. N. et. al. [8] article, the multi-location 

distributed generation placement problem aims to minimize the 

total active power loss of radial distribution networks using a 

genetic algorithm based solution algorithm. 

Based on the literature review, the following research gaps are 

identified: 

• Limited integration of SPV and BESS in a unified 

optimization framework 

• Insufficient consideration of uncertainty in solar 

generation and load demand 

• Lack of real-time and adaptive control strategies for 

DG and BESS coordination 

• Minimal validation on large-scale and real distribution 

networks 

Future research should focus on stochastic optimization 

techniques, hybrid analytical–heuristic approaches, and real-

time control architectures to enhance the reliability and 

scalability of renewable-rich distribution systems. 

The reviewed literature demonstrates that optimal sizing and 

placement of SPV-based DG and BESS can significantly 

improve voltage profiles and reduce power losses in 

distribution systems. Analytical approaches provide 

computational efficiency, while MLDG schemes offer 

superior technical benefits. However, comprehensive 

frameworks that integrate renewable generation, energy 

storage, uncertainty modeling, and real-time operation are 

still needed to fully realize the potential of smart distribution 

networks. 

Without proper planning, DG integration may result in 

voltage profile variations and higher system losses. This 

negatively impacts system performance and restricts DG 

penetration in distribution networks [9]. 

By optimally placing and sizing DG units, these issues can 

be avoided. Optimal placement and sizing improve the 

voltage profile and reduce network losses [10]. Multi-

objective optimal placement problems have been addressed 

using simulated annealing to reduce power losses and 

severity indices, and this approach has been found to be more 

time-efficient than tabu search (TS) and genetic algorithms 

(GA) [11]. For optimal DG placement and 

sizing, a modified teaching–learning-based optimization method 

has been developed and reported in [12]. This study examines and 

analyzes cases of distributed generation. 

Distributed generators (DGs) operating at varying power factors 

have been investigated on IEEE 33-bus and 69-bus radial 

distribution systems. Study [13] demonstrates the effectiveness 
of DG integration in improving the voltage profile of  

vehicle (EV) charging station systems. During DG deployment, 

stability indices are employed to identify weak buses within the 

network [14]. Furthermore, several metaheuristic optimization 

techniques have been applied for the allocation and sizing of 

distributed renewable energy sources, including the Imperialistic 

Competition Algorithm, Ant Colony Optimization [15], and the 

Shuffled Frog Leaping Algorithm [16]. 

 

2. CONTRIBUTIONOFTHIS PAPER 
In this research, Particle Swarm Optimization (PSO) is 

employed to determine the optimal location and sizing of solar-

based distributed generation (DG) in a radial distribution 

system using multi-objective optimization. Due to its heuristic 

nature, PSO is well suited for solving nonlinear and nonconvex 

constrained optimization problems and for identifying global 

optimal solutions. Several studies have investigated the time-

varying characteristics of solar energy generation and its 

interaction with dynamic load profiles, in contrast to analyses 

assuming steady-state power generation and constant loads. 

 

3. PROBLEM FORMULATION 
To improve the voltage profile of all buses and reduce power 

losses in the distribution system, the optimal location and sizing 

of distributed generation (DG) must be determined. This multi-

objective optimization problem can be mathematically 

expressed as: 

Objective Function and Constraints 
Subject to: 

𝑉min ≤ 𝑉𝑖 ≤ 𝑉max, ∀𝑖(1)  

𝑆min ≤ 𝑆line ≤ 𝑆max⁡ (2)  

𝑃DG ≤ ∑𝑃load (3)  

Equation (ii) ensures that the bus voltages remain within the 

allowable limits. Equation (iii) verifies that the line power flows 

do not exceed their maximum thermal limits, while Equation 

(iv) ensures that the DG output power at any instant does not 

exceed the total feeder load. Exceeding this limit may result in 

reverse power flow toward the utility grid, which is not 

permitted in this study. 

Using the measured ambient temperature and solar irradiance 

data, the photovoltaic (PV) power output is calculated using the 

following relationship: 

http://www.neuroquantology.com/
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PV Power and Load Flow Equations 

Photovoltaic (PV) Power Output Model 

The output power of the photovoltaic (PV) system is 

expressed as: 

𝑃PV = 𝜂 × 𝐴 × 𝐺 × [1−0.005(𝑇−𝑇ref)](4)  

where: 

η  = Panel efficiency 

T  = Measured temperature in degrees Celsius 

T_ref = 25 °C 
In the backward sweep, power flows are calculated from the 

end node toward the source node. 

𝑃𝑘 = 𝑃𝑘+1
′ + 𝑟𝑘

(𝑃𝑘+1
′ )2 + (𝑄𝑘+1

′ )2

𝑉𝑘+1
2 (5)  

𝑄𝑘 = 𝑄𝑘+1
′ + 𝑥𝑘

(𝑃𝑘+1
′ )2 + (𝑄𝑘+1

′ )2

𝑉𝑘+1
2 (6)  

where 

𝑃𝑘+1
′ and 𝑄𝑘+1

′ denote the total active and reactive 

power flows from bus (𝑘+1), respectively. 

𝑃𝑘+1and 𝑄𝑘+1represent the active and reactive power 

injections at bus (𝑘+1). 
𝑃𝐿,𝑘+1and 𝑄𝐿,𝑘+1are the active and reactive power 

demands (loads) at bus (𝑘+1). 

The current and impedance values of each line section 

are used to calculate the end-node voltage of that line 

section as follows: 

Gbestₚᵏ⁺¹ = { Pbestₚᵏ⁺¹ , if fₚᵏ⁺¹ ≤ fₚᵏ(7) 

Gbestₚᵏ , if fₚᵏ⁺¹ ≥ fₚᵏ }(8) 

A.Particle Swarm Optimization (PSO) is a heuristic 

optimization technique introduced by Kennedy and 

Eberhart in 1995. It is a stochastic, population-based, 

self-adaptive evolutionary algorithm that initializes a 

swarm of particles and iteratively updates their positions and 

velocities based on fitness evaluations. The inertia weight in 

PSO is adjusted to control 
iterations, the particles converge toward the optimal solution. 

The PSO approach is used to determine the best placement and 

size of PV-based distributed generation in radial distribution 

systems. 

 

Step1: Network data reading and initialization: 

 

In the first step, network data and swarm size are specified. 

Moreover, the maximum number of iterations, learning 

coefficients, and initial values of inertia weight are defined. 

Particles and velocities are initialized randomly, while the search 

space limits and constraints are also specified at this stage. The 

search space defines the minimum and maximum allowable DG 

sizes, and the particles represent the sizes of distributed sources, 

which are evaluated in the subsequent steps. 

 

Step2: Calculation of fitness value: 

 

Determine the objective function for each particle in the 

swarm by applying the load flow via forward/backward 

sweep method. 

Step3: Pbest and Gbest computation: 

The best location each particle has attained thus far is denoted 

by Pbest. The point where the value of a particle's objective 

function is lowest is referred to as its best position. Every 
iteration compares the objective function of each particle to 

the objective function from the previous iteration, updating 

Pbest of the pth particle as follows: 

 

Pbestₚᵏ⁺¹ = { xₚᵏ⁺¹ , if fₚᵏ⁺¹ ≤ fₚᵏ(9) 

Pbestₚᵏ , if fₚᵏ⁺¹ ≥ fₚᵏ }(10) 
 

where k denotes the iteration number. 

Gbest is also updated during every iteration. Gbest represents the 

overall global best position of the particle. It is updated as 

follows: 
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Step 4: Update velocity and position: Inertia weight is 

modified in each iteration as: 

Fig.3.2 Flow Chart: 

w = wₘₐₓ − [ (wₘₐₓ − wₘᵢₙ) /  

(Maximum iterations) ] × (Current iteration)(11)

Then, in order to help particles orient themselves to a 

better position, the particle velocity is adjusted based on 

updated Pbest and Gbest. 

 

4.RESULTS AN DISCUSSION 
 

 

Vₚᵏ⁺¹ = w Vₚᵏ + c₁ rand ( Pbestₚᵏ − xₚᵏ ) + c₂ rand ( 

Gbestₚᵏ − xₚᵏ )(12) 

While rand generates a random number in the range of [0, 

1], c1c_1c1 and c2c_2c2 are acceleration coefficients that 

drive particles toward Pbest and Gbest, respectively. 

These coefficients typically lie in the range of [1, 2]. 

Particle positions are updated after the velocity update, 

allowing particles to move closer to the optimal solution 

and toward more favorable locations in the search space. 

xₚᵏ⁺¹ = xₚᵏ + Vₚᵏ⁺¹(13) 

VERIFY THE RESULT IN MATLAB SOFTWARE: 

 

Now, the results are reverified in MATLAB software by 

modeling the IEEE 33-bus system and optimally placing 

the DG within the 33-bus distribution network. 

                     Fig. 3.1 IEEE 33 bus model 

Four solar power DG units, each with active power ratings of 778 

kW, 311 kW, 853 kW, and 330 kW, and reactive power ratings of 

376.8 kVAr, 150.6 kVAr, 413.1 kVAr, and 159.8 kVAr, 

respectively, are integrated using PSO to determine their optimal 

locations in the IEEE 33-bus system. The main objective of this 

project is to reduce total power losses and improve voltage stability 

as a multi-objective optimization problem. Power balance and 

voltage limits are maintained as system constraints. 

 

The following out comes were obtained on the IEEE33 bus 

system by applying partial swarm optimization: 

 

Table4.1losses comparison with and without DG placement 

 

PARAMETERS POWERLOSSES(KW) 

Losses reduction for IEEE 

33bussystemwithoutDG 

placement 

202.7 

Losses reduction for IEEE 

33 bus system with DG 

placement 

28.6 

 

The losses are compared for cases with and without the optimal 

placement of DG. It is observed that placing DG at appropriate 

locations with optimal sizes results in a reduction of system losses. 

A significant decrease in both active and reactive power losses is 

observed after the installation of DG. 

Table4.2-Bus number and DG sizes for optimal location 

 

BUSNUMBER ACTIVE 

POWERSIZE 

(KW) 

REACTIVE 

POWERSIZE 
(KVAR) 

14 778 376.8 

30 311 150.6 

http://www.neuroquantology.com/
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Fig4.1-Voltage profile of IEEE33 bus system with and without DG placement. 

 

 

Fig4.2-Voltage profile of IEEE33 bus system with DG Placement 

 

 

 

 

33 853 413.1 

25 330 159.8 
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5.CONCLUSIONS 

The aim of this paper is to minimize power losses and 

voltage deviation by strategically allocating and sizing 

solar-powered distributed generators (DGs) in a 33-bus 

distribution system. Particle Swarm Optimization (PSO) is 

employed for multi-objective constrained optimization. 

For one, two, three, and four DG units, dynamic generation 

and load consumption are considered and simulated over a 

24-hour period. A noticeable reduction in voltage deviation 

and energy loss is observed. In addition, the optimal DG 

size for each bus and each DG configuration is determined. 

Future work may include comparing the results with other 

optimization techniques, incorporating additional 

objective functions, and performing cost–benefit analyses 

of DG integration. 

The study emphasizes how solar-powered distributed 

generation (DGs) can improve distribution system 

performance. Energy efficiency and voltage stability can 

be significantly increased by carefully planning the 

location and size of these generators. Particle Swarm 

Optimization (PSO) has proven to be a useful tool in this 

context, opening the door for future studies to expand upon 

these findings. As the energy landscape continues to shift 

toward more sustainable alternatives, the integration of 

renewable energy sources—such as solar-based distributed 

generation—will play a crucial role in developing resilient 

and efficient power distribution networks. 
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