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░ ABSTRACT- To keep the energy balance and power quality in check, a proper controller must be made for all the parts of 

the microgrid to work together. The sizing of the microgrid is done by considering the distributed generators and their connected 

ACDC loads. The performance of DC will obtain according to the state of charge condition of the battery bank. So it is essential to 

operate the battery bank by observing the state of the charge condition. To maintain the voltage stability of the system the PLC 

(programmable logic controller) best switching controller is designed to operate the battery bank according to the distributed 

generators’ demand. The main objective of the present work is to enhance the power conversion efficiency and maintain voltage 

stability during essential conditions which are fulfilled by the Battery storage and its controller. It must provide effective voltage 

support in a fault condition. 
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░ 1. INTRODUCTION   
The establishment of inexhaustible sources (built microgrids) 

can be a feasible solution in many places to reduce power 

demand on utility grids. However, electrical power generation 

from a single renewable energy source cannot provide reliable 

power to the system due to the random changes in the 

availability of sources [1- 3]. Unfortunately, batteries require 

high maintenance and have a short life span (they need to be 

replaced repeatedly), which can lead to high operational costs 

in the long term. To overcome these issues, the electrolyzer and 

Fuel Cell (FC) set are considered to operate for a long time in 

the system, whereas the small-size batteries can maintain power 

balance during transient changes [4-8]. To keep the energy 

balance and power quality in check, though, a proper controller 

needs to be made for all the parts of the microgrid to work 

together [9-11]. This will be tuned at a particular instant or 

change of conditions; hence, the same gains cannot work 

properly for all conditions, especially in the microgrid where 

renewable energy sources, electrolyzers, fuel cells, batteries, 

and rapid changes in load are considered. The usage of batteries 

in autonomous PV, a wind-based hybrid system, is presented by 

the authors in [12], but the system is a DC microgrid and does 

not include an electrolyzer or fuel cell. A robust control strategy 

for a PV and wind-based hybrid islanding microgrid has been 

developed by authors in [13]. However, the authors have not 

included an electrolyzer, fuel cell, or energy management 

system. In [14], the authors talk about hybrid PV and wind 

power generation systems that work with the grid. 
 

The isolated condition of microgrids can be a feasible solution 

in many places to reduce power demand on utility grids. 

However, electrical power generation from a single renewable 

energy source can’t provide reliable power to the system due to 

the random changes in the availability of sources. Hence, two 

or more renewable energy sources need to be integrated to make 

the system more reliable. Apart from many generators, the 

permanent magnet synchronous generator B MSG is the most 

suitable for medium-sized applications to generate power from 

wind turbines. It seems it is directly coupled [15,18]. The 

primary use of an energy storage device is to maintain a 

continuous supply due to rapid changes in both solar irradiance 

and wind velocity. Therefore, many places integrate a battery 

into PV and wind-powered generation systems. Unfortunately, 

batteries require high maintenance and, because of their short 

lifespan, need to be replaced repeatedly, which can lead to a 

high operational cost over the long term. To overcome this 

issue, filters, an electrolyzer, and a fuel cell are considered to 

operate for a long time in the system, and a small battery can 

maintain a power balance during transient changes [20-23]. The 

power quality improvement is done with the increase in the 

penetration of wind energy in the microgrid, which gives 

effective voltage support during the fault condition however, to 

maintain proper energy balance and power quality, proper 

coordination control among all the components in the microgrid 

needs to be designed. 
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In the manufacturing unit, there are more people who are 

working as operator engineers and so a number of the 

equipment is for better performance.  it has been noticed that 

the execution time is showing a delay to get the desired output 

if the process is automated, a timer circuit is needed and fed to 

the controller. This vital role is done by the programmable logic 

controller.  
 

There are various types of PLC manufactured for the 

automation process. The present controller is Delta PLC for 

tripping the battery banks in different loading conditions [23-

25]. 

 

░ 2. METHOD 
At one time, the automatic system was controlled with relays. 

The relays are electromechanical devices and fail quickly as the 

mechanical parts were out and the electrical parts are destroyed. 

The electricity switch may burn away the contacts. In modern-

day control terms, even so, a control system implementation in 

the relay was a big, complicated affair. So, it is essential to draw 

a logic control for making the system automated for safety 

reasons. The programmable logic controller (PLC) is an 

advanced technique to monitor and fast-acting programmes for 

the execution of the proposed Battery management system. 

 

2.1 Programmable logic controller (PLC) 
It is a computer control system which continuously monitors the 

state of input devices. It makes the decision depending on the 

customer program to control the output condition of the device.  
 

The present work is based on the application of delta PLC which 

has eight inputs and six outputs. The input power source for the 

delta PLC is 24 Volt. The ladder diagram consists of two 

vertical lines called power rails and the circuits are connected 

in a horizontal line. In the latter programming, read can be done 

from left to right and from top to bottom. 

 

2.2 Specification 
MPU Points:14(8DI+6DO) 

Max I/O points: 494(14+480) 

The input and outputs are all identified by their address. 

 

2.3 Coulomb Counting Method (CCM) 
The state of charge is a crucial stage for battery management 

system. This coulomb counting method tracks its flow of charge 

from one battery bank to other during load demand. 
 

SOC= (Capacity – Accumulated Discharge)/Capacity. 
 

This state of charge ensures its proper operation and control of 

the battery bank system. The unit shall have powdered with 

external power supply 110Vdc to the dc grid. A contactor will 

be used to disconnect the Battery bank from the dc grid and 

connect to another bank. If there are overcharged, the contactor 

will turn off. 
 

𝑆𝑂𝐶 (𝑡) =  
𝑅𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 

(1) 

Coulomb counting method is one of the best methods for 

estimation of charging condition of Battery. It is popularly 

known as Ampere –Hour counting method. 
 

𝑆𝑂𝐶 (𝑡) = 𝑆𝑂𝐶(0) ±  
1

𝐶𝑛

∫ 𝑖𝑏(𝑟)𝑑𝑟
𝑡

0

 
(2) 

 

In this method, the SOC(t) of the battery can be manipulated by 

equation (2). Where first term represents initial condition of 

SOC and the second term on the right side presents the variation 

of battery SOC over time. 
 

𝑟 𝜖 [0, 𝑡], 𝑖𝑏(𝑟) is current drawn from and/or supplied to the 

battery bank. 

+ve sign indicates the charging mode.  

–ve sign indicates the discharging mode. 

 

𝑆𝑂𝐶 (𝑘 + 1) = 𝑆𝑂𝐶(𝑘) ± 
𝐼𝑏(𝑘) 𝑋 𝛥𝑡

𝐶𝑛

 
(3) 

 

In order to implement this method in to delta PLC, it is essential 

to discretize equation (2), by assuming 𝐼𝑏(𝑘) (Battery current) 

as function of Δt(Sampling time step). 
 

The SOC estimation of battery by using PLC is described by 

equation (3) in both charging and discharging mode of 

operation.  

 

░ 3. BATTERY MONITORING SYSTEM  
It will continuously monitor the two groups of battery banks 

which indicate the battery bank stayed up charges within a 

period of time. It displays the parameter such as voltage current 

consumed and pure hours and remaining hours. This system is 

capable to communicate the same information as the power 

management system. 
 

The switching action of the battery bank is done by the 

controller’s design of the Programmable logic controller which 

is automatically operated according to the load demand. In the 

programmed table, the left side is noted as the input source 

battery bank and the right-hand side is the connected load. The 

contactor plays a main role in opening and closing the 

interconnected link between the battery bank and the loads. 

Which is shown in figure 1 and figure 2.  
 

 
 

Figure 1: Schematic diagram of distributed generators with Battery 

Bank 1 

There are six different types of loads connected to the Battery. 

When there is a deficit of Energy from the Distributed 

http://www.ijeer.forexjournal.co.in/
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Generator, these two Battery banks compensate for the power 

by using a Programmable logic controller. The main objective 

of the proposed work is to operate the microgrid automatically 

depending on the load demand. 

 

 
 

Figure 2: Schematic diagram of distributed generators with Battery 

Bank 2 

 

The state of charge of battery banks will be monitored by the 

battery monitor when the battery SOC is less than 20%, this 

condition will be sensed by the PLC through the battery 

monitor. It sends the signal to the contactor to open and show 

that the connected generators and loads will be switched up until 

the next generators will be on. When the battery bank charge 

above 80% of SoC, the PLC will send a control signal to the 

contractor and the connected loads will be powered. The same 

condition is applied in battery bank two. The switching on and 

off of battery banks is done by using the PWM technique for 

charging the battery. This condition is implemented when there 

is a deficiency of power supply from a particular distributor 

generator to fulfil the low demand. 

 

 

 

3.1 Flow Chart of PLC-Based Battery 

Management system: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

░ Table 1. Ladder Programme for Battery Management system with various loading condition 
 
 

Condition Input / Output Lader 

 

 

 

 

1 

 

Battery bank 1 is ON  

 

Load 1, Load 3, Load 5 

will operate  

 

 

Contactor 

Open 

 

 

 

 

If  

Battery Bank 2  

SOC>80% 

 

No 

 

If  

Battery Bank 1  

SOC=80% 

 

 

Start 

 

Contactor 

Closed 

 

Yes 

No Yes 
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2 

Battery bank 2 is ON  

 

Load 2, Load 4 Load 6 

will operate  

3 

Both Battery Banks 

ON  

 

Load 1, Load 2, Load 3 

will operate  

4  

 

 

 

Both Battery Banks 

OFF 

 

 

 

 

 

 

 

Load 4, Loa 5, Load 

6 will operate 

 

NO=NORMALLY OPEN 

 

NC=NORAMLLY CLOSED 
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The charging of battery banks is done separately by using the 

PV farm. During normal operation, the Battery bank gets 

charged by the Distributed Generators (DG) and when there is 

a deficient power supply from the sources, the battery banks are 

operated in weak grid conditions. 

 

░ 4. RESULTS AND DISCUSSION 
This ladder program is running for six loads and two inputs 

model. The various conditions are applied to the to give supply 

to the OR even both odd and even number of loads. When there 

is an insufficient power supply from the distributed generators, 

the battery bank is coming to the pictures. The two groups of 

battery bank, switch on and off according to the customer paid 

programmer. It has been observed that the voltage maintained 

constant in spite of weak grid condition. The paper presents the 

automatic switching operation of battery according to the load 

conditions which is done by the delta PLC. The designed 

programmable logic controller (PLC) control and monitor the 

battery parameters (current, voltage, SOC and temperature). 

The result is obtained by using DELTA PLC which provide 

accurate SOC estimation for providing Power to the DC Micro 

grid. The Voc=f(SOC) is implemented into PLC based battery 

management system. Figure presents the operation sequence of 

push bottom switches. 

 

There are four mode of operation occurs, depending on Load 

demand. 

➢ Battery Bank 1 is on, accordingly load 1,3,5 is getting 

connected. 

➢ Battery Bank 2 is on, accordingly load 2,4,6 is getting 

connected. 

➢ Both Battery Banks are   on, accordingly load 1,2,3 will be 

connected 

➢ Both batteries off. 

 

The charging period permits the SOC capacity of battery bank; 

accordingly, they are connected to the corresponding loads in 

DC micro grid. 

 

░ TABLE II: Specifications of the battery used in Battery 

banks 
 

Description Value Unit 

Nominal Capacity (Battery) 3.4 Ah 

Nominal Voltage (Battery) 3.7 V 

Cut-off Voltage for Charging 4.2 V 

Cut-off Voltage for Discharging 2.5 kV 

 

░ 5. CONCLUSION 
The two groups of battery banks play a vital role in the operation 

of an ac/ dc hybrid microgrid with a 5 Km. distribution system. 

The main purpose of designing PLC based controller will shut 

down the loads and generators during emergency conditions. It 

protects the storage system from the deep discharge of the 

battery bank in absence of huge load demand. 
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