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 This research endeavors to increase the lifespan of a battery utilized in a 

standalone microgrid system, a self-sufficient electrical system that consists 

of multiple generators that are not connected to the main power grid. This 

type of system is ideal for use in remote locations or areas where the grid 

connection is not possible. The sources of energy for this system include 

photovoltaic panels, wind turbines, diesel generators, and batteries. The state 

of charge (SOC) of the battery is used to determine the amount of energy 

stored in it. The particle swarm optimization (PSO) method is applied to 

minimize energy generation costs and maximize battery life. The results 

show that battery optimization can decrease energy generation costs from  

Rp 5,271,523.03 ($338.64 in USD) to Rp 13,064,979.20 ($839.30 in USD) 

while increasing the battery's lifespan by 0.42%, with losses of 7.22 kW and 

433.29 kVAR, and also a life loss cost of Rp 5,499/$0.35. 
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1. INTRODUCTION 

Microgrids are systems that utilize renewable energy sources such as photovoltaic (PV) panels [1], 

wind turbines [2], and diesel generators (DG) [3], along with batteries for energy storage. The batteries in 

microgrids serve as backup power sources when renewable energy sources are unable to meet the energy 

demand [4], [5]. Ensuring the efficiency [6]–[14], stability [15], safety [16], and reliability [17] of the energy 

storage system is vital in microgrids. 

Optimizing battery performance can be challenging due to the limited lifespan and high cost of these 

systems [18]–[20]. An energy management system can be used to control energy optimization in microgrids 

[21]–[23]. This research involves the use of a modified IEEE 30 bus as a model for optimization, taking into 

consideration various factors such as battery lifespan cost, maintenance cost, and fuel cost in order to 

determine optimal operating parameters. The aim of this study is to analyze the comparison of battery 

lifespan through the implementation of an energy management system in microgrids by considering various 

factors such as battery lifespan cost, maintenance cost, and fuel cost. 

In the past, there have been difficulties in optimizing battery performance in microgrid systems. 

Conventional battery management methods, such as maximizing the state of charge (SOC) or controlling 

charging and discharging patterns, fail to consider the limited lifespan of batteries and often result in 

https://creativecommons.org/licenses/by-sa/4.0/
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premature degradation, reduced efficiency, and increased maintenance costs. These methods also neglect the 

cost of battery replacement and the impact of operating conditions on battery lifespan. To address these 

challenges, this research implements an energy management system that takes into account various factors 

such as battery lifespan cost, maintenance cost, and fuel cost to determine optimal operating parameters for 

the battery in a microgrid. Considering the trade-off between battery performance and cost, this study aims to 

extend battery lifespan and minimize overall costs in the microgrid system. 

 

 

2. METHOD 

Microgrids are systems of electric power generation that utilize generators ranging from 1 to 50 kW, 

often powered by renewable energy sources such as sunlight, wind, and water flow. The system includes 

distributed generators, energy storage, and load, and can operate in an island mode or hybrid mode when 

connected to the main grid. Stand-alone microgrids are widely used in isolated areas or regions where the 

main grid is not accessible. These systems can either operate in stand-alone mode, where they are not 

connected to the main grid, or in grid-connected mode, where they are linked to the main grid. In stand-alone 

mode, the distributed generators work independently to supply the load system, with the aim of maintaining 

stability in the frequency and voltage of the primary system. Figure 1 in this article depicts a modified IEEE 

30 bus microgrid system, which is utilized to simulate and analyze the performance of the stand-alone 

microgrid system. The system comprises various distributed generators that operate independently to supply 

the load system and ensure stability in frequency and voltage. Table 1 displays the data parameters utilized in 

the simulation, including technical specifications of the distributed generators, the load system, and energy 

storage capacity. The information provided in the table helps to understand the characteristics of the system 

and how certain parameters affect the overall performance of the system. 

 

 

 
 

Figure 1. IEEE 30 bus radial system modified 

 

 

Table 1. Data parameter 
Name Photovoltaic Wind Turbine Diesel Lead Acid Battery 

Type 83 W 840 W 175 kW 2 V/1000 Ah 

Quantity 1000 500 2 1000 

Capacity 83 kW 420 kW 350 kW 100 KAh 

 

 

The power output of a PV system can be calculated using the output power rate under standard test 

conditions, data from the system's datasheet, and information on temperature and irradiance, shown in (1). 

 

𝑃𝑝𝑣 = 𝑃𝑠𝑡𝑐
𝐺𝑐

𝐺𝑠𝑡𝑐
(1 + 𝑘(𝑇𝑐 − 𝑇𝑠𝑡𝑐))  (1) 

 

The power output of a PV system can be calculated using the maximum module output power standard test 

conditions (PSTC), The actual irradiance received by the system is indicated by the variable "GC", the solar 
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irradiance at a reference temperature of 1000 W/m2 is indicated by the variable "GSTC", a temperature 

coefficient (k) for the module, the cell temperature in degrees Celsius, and a temperature standard test 

conditions (TSTC) of 25 degrees Celsius [24]–[26]. 

The output of a wind turbine can be modeled using an equation or set of equations that take into 

account various factors such as the wind speed, size and orientation of the turbine blades, and efficiency of 

the turbine itself. By inputting these variables, it is possible to predict the amount of electricity that a wind 

turbine will be able to generate under certain conditions, shown in (2). 

 

𝑃𝑤𝑡 = 0, 
𝑃𝑤𝑡 = 𝑎𝑣𝑎𝑐

2 + 𝑏𝑣𝑎𝑐 + 𝑐, 
𝑃𝑤𝑡 = 130, 

𝑉𝑎𝑐 < 𝑉𝑐𝑖 

𝑉𝑐𝑖 ≤ 𝑉𝑎𝑐 ≤ 𝑉𝑟   

𝑉𝑟 ≤ 𝑉𝑎𝑐 ≤ 𝑉𝑐𝑜 (2) 

 

The output of the wind turbine, represented by 𝑃𝑤𝑡 in watts, can be calculated using the wind speed 

variables 𝑉𝑐𝑖, 𝑉𝑐𝑜, 𝑉𝑟 , and 𝑉𝑎𝑐 , which represent the cut-in speed, cut-out speed, rating speed, and actual wind 

speed, respectively [27]–[29]. The output power of the DG can be modeled linearly based on its actual output 

power, as shown in (3). To predict the performance of a generator, we can use a cost function that is derived 

from a test heat run and values of a, b, and c from the generator's datasheet. By inputting these variables, we 

can estimate how much the generator will cost to operate under different conditions. 

 

𝐹(𝑃𝑑𝑖𝑒) = 𝑎 + 𝑏𝑃𝑑𝑖𝑒 + 𝑐𝑃𝑑𝑖𝑒2  (3) 

 

The lifetime of a battery or group of batteries (also known as a battery bank) can be extended 

through the use of a saving strategy called the SOC. This is typically achieved by following a specific 

equation or set of guidelines as shown in (4)-(6). 

 

𝑆𝑂𝐶𝑚𝑖𝑛 ≤ 𝑆𝑂𝐶 ≤ 𝑆𝑂𝐶𝑚𝑎𝑥  (4) 

 

𝑃𝐶ℎ𝑎𝑟𝑔𝑒−𝑚𝑎𝑥 ≤ 𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦 ≤ 𝑃𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒−𝑚𝑎𝑥 (5) 

 

𝑆𝑂𝐶(𝑡+𝛥𝑡) = 𝑆𝑂𝐶𝑡 − 𝑃𝑏𝑎𝑡,𝑡 ×
𝛥𝑡

𝐶𝑏𝑎𝑡
 (6) 

 

The SOC at a specific time, represented by 𝑆𝑂𝐶(𝑡+𝛥𝑡), can be determined by considering the value 

of the SOC at the previous time 𝑡 and the battery power during the time period 𝛥𝑡. The minimum, average, 

and maximum values of the SOC, represented by SOC min, SOC mean, and SOC max, respectively, are used 

as indicators for the discharge of the battery and as limitations on the battery's charge [30], [31]. The power 

output of the batteries, represented by 𝑃𝑏𝑎𝑡 , should be balanced with the load in order to maintain a stable 

microgrid system [32], [33]. The demand for load must also be balanced in accordance with the rules of the 

microgrid system, following in (7). 

 

𝑃𝑙𝑜𝑎𝑑 = 𝑃𝑔𝑒𝑛 + 𝑃𝑜𝑢𝑡−𝑝𝑣 + 𝑃𝑜𝑢𝑡−𝑤𝑡 + 𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦  (7) 

 

 

3. RESULTS AND DISCUSSION 

The particle swarm optimization (PSO) algorithm is a computational method that is used to find the 

best solution for a problem with multiple objectives. In this algorithm, each "particle" represents an 

individual element, and these particles can interact with each other to find the optimal solution. The PSO 

algorithm can be used to optimize the fitness value of a problem, which represents the best solution or 

position. This method can be applied to economic dispatch problems, as shown in (8). 

 

𝑥𝑗 = [𝑃1𝑗, 𝑃2𝑗 . . . 𝑃𝑖𝑗 . . . 𝑃𝑛𝑗]  (8) 

 

In the PSO algorithm, the power output of generator i for particle j is represented by 𝑃𝑖𝑗. To solve 

the optimization problem, random values for generator output must be considered within the constraints of 

the problem. The relative importance of different factors may vary, so it is appropriate to assign random 

weights to each aspect of the problem. The velocity of the particles, which determines their movement within 

the optimization process, is then calculated using the formula in (9). 

 

𝑣𝑖(𝑡) = 𝑣𝑖(𝑡 − 1) + 𝜙1. 𝑟𝑎𝑛𝑑𝑜𝑚1. (𝑃𝑖 − 𝑥𝑖(𝑡 − 1)) . . . +𝜙2. 𝑟𝑎𝑛𝑑𝑜𝑚 2. (𝑃𝑔 − 𝑥𝑖(𝑡 − 1)) (9) 
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The power output from a random process is used to begin a power flow calculation. After the power 

flow calculation is completed, the power generation at the designated reference bus (also known as the slack 

bus) is checked to ensure that it falls within certain constraints. If the generation is outside of these 

constraints, it is adjusted by adding or subtracting generation until it falls within limits. The weighted sum 

method is used to evaluate the overall performance of the system, taking into account various objective 

functions such as speed calculation, generating cost, battery life loss cost, and the fitness value from a multi-

objective problem. These objective functions are each given a weight in the weighted sum equation, where 𝑓 

is the specific objective function, and 𝑤𝑘 is the weight assigned to it, the equation shown in (10). 

 

𝑓𝑖𝑡𝑛𝑒𝑠𝑠 = 𝑤1𝑓1(𝑃) + 𝑤2𝑓2(𝑃) . . . + 𝑤𝑘𝑓𝑘(𝑃) (10) 

 

The results obtained from this process are used to determine the best combination of generating 

power and the global best fitness value. The speed and position of the particles are updated based on the best 

particle. During each update of the speed and particles, the load flow is run, and the slack bus is checked to 

ensure that it remains within the constraints. The fitness value, best particle, and global best are updated and 

the update step is repeated until the maximum iteration value is reached. In this simulation, the initial 

parameters used include a particle count of 30, a weight of 0.4, a maximum iteration value of 100, and values 

of c1 and c2 equal to 2. 

In this study, the optimal operation of a standalone microgrid is evaluated through three case 

studies. In the first case, the optimal operation occurs when the battery is fully charged (SOC=1). In the 

second case, the optimal operation occurs when the battery is fully discharged (SOC=0). In all three cases, 

the battery serves as both a storage device and a backup power source when the renewable energy generator 

is unable to meet the load demand. In the first two cases, the generator acts as a backup energy source.  

Figure 2 shows the load and renewable energy in the system, Figure 3 shows the optimization of the islanded 

microgrid using renewable energy, a battery, and a diesel engine when the battery is fully charged, and 

Figure 4 shows the microgrid system when the battery is empty, and the diesel engine is used to charge the 

battery in order to maximize its performance and lifespan. 

 

 

  
 

Figure 2. Load and renewable energy curve 

 

Figure 3. System of microgrid fully battery 

 

 

 
 

Figure 4. System of microgrid empty battery 
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Table 2 compares the simulation results obtained from the multi-objective function in the two 

different case studies. The results show a significant difference between the two cases, with a higher cost of a 

generation when attempting to minimize battery losses when the battery is empty. This is because the diesel 

engine is used more frequently in this scenario. The comparison shows that it is more cost-effective to 

optimize the generation cost, as the difference in generation cost is significant, and the battery can still be 

kept fully charged. 

 

 

Table 2. The results of using the PSO algorithm to operate a microgrid 
Objective 

Function 

Microgrid Generation 

SOC = 1 SOC = 0 

kW kVAR kW kVAR 

Generation 3039.86 1601.34 3542.52 1694.76 

Load 3035.41 1262.63 3535.41 1262.63 
Losses 4.56 339.88 7.22 433.29 

Battery Losses 0.58 % 0.42 % 

Generation Cost Rp 5,271,523/$338.64 Rp 13,064,979/$839.30 

Life Loss Cost Rp 7,623/$0.49 Rp 5,499/$0.35 

 

 

4. CONCLUSION  

In this research, the PSO algorithm was used to optimize the operation of an islanded microgrid 

system that employs renewable energy sources, batteries, and diesel generators. The optimization aimed to 

find the optimal solution for the multi-objective problem that considers both battery life loss cost and 

generation cost. The simulation results showed that prioritizing the objective of minimizing generation cost 

resulted in a 0.58% decrease in battery lifetime and a generation cost of Rp 5,271,523 ($338.64 in USD). On 

the other hand, optimizing for battery lifetime resulted in a 0.42% decrease in battery lifetime and a 

generation cost of Rp 13,064,979 ($839.30 in USD). 

One potential area for future work after conducting research on an integrated energy system 

consisting of PV, batteries, and DG using the PSO method in an off-grid setup is to carry out further 

optimization studies. This can involve comparing the results obtained from the PSO method with other 

optimization methods, such as the genetic algorithm (GA) or ant colony optimization (ACO). This can 

provide a deeper understanding of the potential of different optimization methods in optimizing the 

performance of the integrated energy system, leading to improved system efficiency and reliability. The 

results of these studies can also be used to guide future implementations of integrated energy systems. 
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