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ABSTRACT 

The standalone solar power plant system uses batteries as a storage component of electrical energy generated. A 

charging condition that exceeds the capacity more than 100% and the battery discharging condition exceeds the 

discharge depth value (dept of discharge 80% or state of charge 20%) of the battery capacity can shorten the service 

life. The use of Siemens LOGO! 8.FSA (LOGO 0BA8) smart relay can adjust the condition of the discharge of depth 

(DoD) and overcharging of a battery so that it can be monitored. The capabilities of a smart relay can be made an 

indicator, alarm, or energize the contactor so that it can prevent or reduce the discharge and overcharging that occurs 

in the battery which makes the battery life longer. 
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1. INTRODUCTION 

A standalone Power System is a system that supplies 

electricity to users and is not connected to the power 

distribution system from the power supply authority [1-

3]. In a standalone solar power generation system, the 

type of battery commonly used is Valve Regulated Lead 

Acid (VRLA). In addition to a reasonably affordable 

price, battery life can reach 10 years, depending on the 

technology and quality of the materials used, load 

levels, and various other factors [4, 5]. Apart from being 

maintenance-free, because this type of battery has a 

valve for gas exchange, the temperature inside the 

battery will be maintained, and the battery's lifetime will 

be maximized [6-8]. 

Lead acid battery failures can include unavoidable 

natural failures such as expansion and corrosion of the 

positive plate, reduced capacity due to physical changes. 

Other causes of damage are due to the influence of 

temperature, overcharging, undercharging, DC ripple [9, 

10], and the discharge depth level where the cycle test 

shows significant lead sulfate (PbSO4) formation on the 

negative and positive electrodes. 80% of DoD can 

reduce the life cycle. Sulfate formation was observed to 

decrease at low DoD [11-14]. 

 

VRLA batteries are not recommended to drain more 

than 80% of their capacity. The maximum capacity are 

80% DoD 1200 cycles, 50% DoD 2500 cycles and 20% 

DoD reaches 5000 cycles [15]. In Figure 1, the higher 

the depth of discharge of a battery, the cycle time or 

service life will decrease. It is necessary to limit the 

DoD value to around 80% to maintain longer battery 

life. 

The solar charge controller controls battery charging 

in solar power plants. The selection of the MPPT type 

controller is based on an efficiency level of up to 30% 

and can force solar panels to operate close to the 

maximum voltage [16-18]. Battery charging is getting 

better and faster with MPPT (Maximum Power Point 

Tracking). Generally, MPPT controllers are equipped 

with battery voltage measurements. There is a voltage 

measurement provided that can be accessed via the RS 

485 serial port or the TCP/IP Modbus port on the latest 

technology. The advantages of the Modbus protocol that 

will be used in this study are that it is openly published 

and royalty-free, is relatively easy to apply to industrial 

networks, and uses raw bits or words of data without 

imposing many restrictions and limitations on 

developers [19]. 
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Various attempts have been made by many 

researchers to create a battery monitoring system, 

including the Arduino-based Smart Battery Monitor 

DS2438. In this study, discussed the monitoring of the 

VRLA battery discharge depth that utilizes the voltage 

value data on the MPPT type solar charge controller 

with a TCP/IP Modbus output. Data in the form of 

voltage is stored in the form of registers that can be read 

using the MPPT Tristar TS-MPPT-60 controller and 

processed using a smart relay from Siemens, namely 

(LOGO! 8.FS4).Smart relays have the advantage of 

having a display to display program output in the form 

of information from the monitored battery. 

 

Figure 1 Effect of Depth of Discharge on Battery Life 

[20] 

 

2. RESEARCH METHODS 

Block diagram of the VRLA battery monitoring 

system on the standalone PV system information is 

stored real time in the Tristar TS-MPPT-60 solar charge 

controller and read by Siemens LOGO! 8.FS4 is first 

programmed via the Siemens LOGO software! Soft 

Comport version 8.2.1, as shown in Figure 2. The output 

of the Siemens (LOGO! 8. FS4) is an indication of the 

depth of charge, which is the battery rating with a 

display of numbers, text, and bar graphs on the screen 

Siemens (LOGO! 8.FS4) which is different in each 

condition, including the indicator light on the panel box. 

Besides, other outputs to support monitoring conditions 

are added with an alarm in the form of a sound when the 

depth of the charger shows a value of 25% State of 

Charge (SoC) or 75% Depth of Discharge (DoD). There 

is an output that will function the contactor as a power 

supply breaker from the solar panel with a timer setting 

when charging has reached the highest voltage for 

charging according to the instructions from the battery 

manufacturer to avoid the overcharge. If there are many 

types of loads, the loading can be adjusted based on 

priority, where the load with the highest priority, 

according to the user, is maintained when the discharge 

has reached the lowest value starting from 25% to 

protect the battery from damage. 

 

 

Figure 2 VRLA Battery Monitoring Block Diagram 

 

In previous research, it was found that the 

relationship between Open Circuit Voltage (OCV) and 

the State of Charge was a linear. By using a 1400mAh 

capacity battery, the OCV of the battery when fully 

charged is 13.18 volts, while 11.8 volts when the battery 

is completely discharged, as shown in Figure 3 [21, 22]. 

Figure 3 Battery SoC Against OCV [14] 

 

Depth of discharge with a value of more than 80% 

on a standalone PV system battery can occur during the 

rainy season. Increase of DoC happens because the rate 

of battery charging to discharge is quite different due to 

the influence of the weather. It takes longer time for 

charging to reach 100% capacity compared to 

discharging with an SoC value of 20% because the 

power generated by the solar panels is low due to low 

sun intensity as in Figure 4. 

 

Figure 4 Comparison Chart of Discharging and 

Charging Time 
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3. RESULTS AND DISCUSSION 

Battery voltage data is required for monitoring the 

observed battery condition. In the MPPT Tristar TS-

MPPT-60 solar charge controller, there are current, 

voltage and temperature sensors that are stored as 

registers that support the Modbus function, namely read 

holding registers 03 (0x03) and read input registers 04 

(0x04). Three holding registers are required to be read 

by the Siemens (LOGO! 8.FS4) smart relay. 

The first is the holding register with the protocol 

data address 0x0000 and logical address 1 variable 

name V_PU hi. The second is holding registers with 

data protocol address 0x0001 and logical address 2 

variable name V_PU lo. The third is holding register 

with a data protocol address 0x00018 and a logical 

address 25 variable names adc_vb_f_med. The register 

readsin the (LOGO! 8.FS4) smart relay is a decimal 

number. The registers are processed to produce a 

voltage value with the equation: 

V_PU hi + (V_PU lo / 216);               (1) 

Where in this study, it was observed and tested at the 

voltage numbers up to 64 V dc, the two register values 

were fixed, namely 180 and 0. 

V battery= (adc_vb_f_med x 180) / 32768                (2) 

The value of the highest register and the lowest 

register of the battery is required to get% SoC. In this 

study,the Shoto 6 FMX 150 B brand battery was used. 

By using the Epever solar station monitor software 

(V1.95) and the eLOG Tools (V1.1) software as a 

comparison to the Siemens (LOG! 8.FS4) obtained a 

graph, as shown in Figure 5. As for% SoC processed by 

smart relay using the equation: 

% SoC = (Reg 25-Reg Min)/(Reg Max-Reg Min) x100 

           (3) 

 

Figure 5 Graph of Smart Relay and Ep ever Battery 

Discharge Rate 

 

 

Based on equation (1) and equation (2), using 

Siemens (LOGO! 8.FS4) smart relay, the graph in 

Figure 5 is obtained which is almost identical to the 

comparator (Ep ever) using the MPPT Ep ever Solar 

Charge Controller software. 

Figure 5 shows the relationship between %SoC and 

battery voltage is linear. The two graphs are almost 

identical, which shows that using a smart relay (LOGO! 

8.FS4) battery monitoring can be done. An indication of 

the battery condition can be shown on the output 

terminal of (Logo! 8.FS4) smart relay and connected to 

contactors, alarms, and indication lights as safety when 

the battery condition has reached 20% SoC (80% DoD), 

as shown in Figure 6. 

 

Figure 6 Display of 21% SoC (79% DoD) 

 

Charging will stop when the battery voltage reaches 

a high value of 100% SoC (14 volts). The full capacity 

of the battery causes the smart relay to display an 

indication as in Figure 7 and the smart relay output will 

energize the contactor to turn off the supply of electrical 

energy from the solar panel with a time that can be 

delayed (timer). 
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Figure 7 Display of 100% SoC  

 

The results of the SoC and voltage measurements 

using (LOGO! 8FS4) are almost close to the comparison 

with a value difference ranging from 0.1 to 0.3 volts. In 

Figure 5, there is a sharp decrease from 100% to 60% 

because the Epever software has been programmed for 

0% and 100% battery capacity. By using a smart relay, 

the value of 0% battery capacity and 100% capacity can 

be input according to factory specifications through the 

input of the lowest voltage value and highest voltage 

input via software as shown in Figure 8. Thus, the 

voltage value and SoC (DoD) is more accurate and the 

battery condition can be displayed as in Figure 6 and 

Figure 7 as well as the output of the smart relay which 

functions as an alarm and battery saver. For the voltage 

value, there is a difference between the prototype and 

the comparison of the average measurement for% SoC 

(DoD) of 36 samples. The average difference is 0.12 

volts, which means the comparison of the voltage 

readings contained in the solar charge controller Ep ever 

is compared to the results of the program process on the 

smart relay (prototype) using equation (1) of the Tristar 

TS-MPPT-60 solar charge controller is quite good. 

 

Figure 8 Maximum and Minimum Battery Value Input 

Program LOGO! 8.FS4 

 

The use of smart relays (LOGO! 8.FS4) as battery 

monitoring can function both as an alarm system and as 

a battery protector. With block-based programming of 

mathematical operation diagrams for various monitoring 

purposes, it can be done such as Monitoring Dept of 

Discharge and safety on VRLA batteries that have been 

carried out. Besides the various conveniences, there are 

limitations to the calculation where the highest number 

that can be processed by the smart relay is limited to the 

value 32768. If in programming, there is processing that 

exceeds this value, it can be done with manipulation tips 

and tricks by division. Another limitation is that it 

cannot process longer programs than that provided by 

the Siemens smart relay (LOGO! 8.FS4). 

 

4. CONCLUSION 

The use of smart relays (LOGO! 8.FS4) as battery 

monitoring can function both as an alarm system and as 

a battery protector. With block-based programming of 

mathematical operation diagrams for various monitoring 

purposes, it can be done such as Monitoring Dept of 

Discharge and safety on VRLA batteries that have been 

carried out. Besides the various conveniences, there are 

limitations to the calculation where the highest number 

that can be processed by the smart relay is limited to the 

value 32768. If in programming, there is processing that 

exceeds this value, it can be done with manipulation tips 

and tricks by division. Another limitation is that it 

cannot process longer programs than that provided by 

the Siemens smart relay (LOGO! 8.FS4). 
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