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1. INTRODUCTION

Renewable energy such as solar radiation as an energy source to reduce the energy crisis.
Energy from photovoltaic panels can be used to charge the battery. The battery charge control regulates the
flow of electricity from the photovoltaic panel to the battery or DC load [1]. Battery energy storage systems
(BESS) is the most common energy storage that can be integrated into grid connected PV system [2].
Solar PV energy systems are used to convert the trapped solar light into electricity [3]. The various power
sources that are available may be invarious forms such as the utility grid, renewable power sources such as
solar panel and DC energy storage units such as batteries [4]. Multiple energy sources are integrated in the
microgrid to have for a reliable energy supply [5].

Batteries are everywhere, from power storage device in solar photovoltaic. Among them, lithium-
ion (Li-ion) batteries have become the most promising technology for energy storage due to their high energy
density and high efficiency [6]. The energy management strategy should be determined among the
renewables, energy storage and grid [7]. Batteries are used as power storage device in solar photovoltaic (PV)
systems. They supply power when there is no solar power generation in the absence of sunlight [8]. The size
of energy storage can be done using two types of batteries, namely Lead-acid Lithium-ion batteries and
batteries. but it needs to be considered because there is a big difference between the minimum cost between a
lead-acid battery and a Li-ion battery [9]. Battery has the advantages of high energy density, but with low
power density, short cycle life, slow charging and discharging speed, and many other shortcomings [10, 11].

Control of these hybrid batteries within the same system is more challenging compared to
conventional battery management systems which mainly deal with the homogeneous battery system [12].
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State of Charge is an important parameter of the Battery Management System. It is an indication of the
remaining battery capacity. It is very important to have an accurate estimate of the State of Charge, to avoid
over charging and over discharging of Lithium ion batteries [13]. Battery management systems (BMS) to
improve range prediction accuracy [14]. Lithium-ion cells also have a consistent maximum charge and
discharge rate capability over the complete 0-100% SOC range [15]. Existing charging techniques for
lithium-ion batteries use a largely open-loop approach where the charge profile is pre-decided based on a
priori knowledge of cell parameters [16]. The “constant-current and constant-voltage” charging mode is a
widely used charging profile, in which a battery is charged with a constant current until a voltage limit is
reached and then a constant-amplitude voltage is applied until the current reduces to a certain value, to charge
the battery as fully as possible [17].

Charging the battery causes temperature rising [18]. A battery charger have to more intelligent and
conscious of battery health and bring a positive impact on user satisfaction [19]. Battery charger have to meet
the range of requirements, particularly in current ripples in battery float charge mode [20]. There are many
factors that affect SOC, such as battery voltage, temperature, current, battery history, battery chemistry and
so on. Ambient temperature is a significant factor that influences the accuracy of SOC estimation [21].
The SOC estimation can be improved by accurately calculating OCV using the proposed internalimpedance
extraction from the battery [22]. Charging systems of battery electric current from the PV source with pulse
charging technique is done to distribute high electric current to the battery without causing damage [23].
Charging time can be done using different sources, the duration of battery charging varies greatly depending
on the AC source [24]. The batteries for photovoltaic systems need accurate, intuitive, and comprehensive
electrical battery model which can sense the battery response under dynamic conditions [25].

This study discussed ways to improve the management system on battery charging and discharging.
Automatic settings for selecting energy sources are also considered. A control system that has been built to
overcome the problem of battery charging to avoid overcharging. The system designed is equipped with
current and voltage sensors that can monitor current battery drainage. This system is equipped with
protection against reverse electrical currents which can cause damage to the battery and the panel.

2. RESEARCH METHOD
Research method by designing hardware and software. The design of hardware and software will be
explained in this section. The battery charging block diagram is shown in Figure 1.
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Figure 1. Block diagram of the battery charging for hybrid energy
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2.1. System Design-Hardware

Control system for battery charging are designed based on the block diagram that is shown in
Figure 1. Protector in this design consist of a fuse and diodes. The protection circuit is used to protect the
system from overload condition. Beside that when the battery voltage is greater than the solar module it is
likely that the battery will send its voltage back to the solar module. This is where the blocking diode
functions to protect the battery.

2.2. System Design-Software
Software that has been created using the Arduino IDE 1.6.4 softwear. Designing software based on
flowchat which has been designed based on Arduino Mega 2560. To be able to upload software, a connection

must be made to the Arduino port. The following is an explanation of the flowchart in Figure 2.

1) The control system always prioritizes the DC source rather than the battery when the DC source reaches
the voltage that has been set and when the DC source is below that which has been set then selects the
battery and displays it on the LCD screen.

2)  The control system selects all switches off to load if all voltage sources are below 80%

3) The control system charges when the battery capacity is below 80% and will stop charging when the
battery capacity is 100% and displays this status on the LCD screen.

4)  The control system disconnects if there is an overload and displays this status on the LCD screen.

5)  The control system calculates the power load to the load and displays this status on the LCD screen.

6) The control system calculates and estimates the remaining battery time and displays this status on the

LCD screen.
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Figure 2. The Flow chart for the battery charging control program

3. RESULTS AND ANALYSIS
In this section, there are 3 parts of the design result, hardware, software, and test result.

3.1. Hardware

The hardware that has been designed is based on the block diagram in Figure 1. The battery
charging control hardware consists of Arduino Mega 2560 as a microcontroller, regulator circuit, electric
current sensor, voltage sensor, protection circuit, relay, and DC to DC Buck Converter.

DC to DC Buck Converter as a device to increase (Boost) or reduce (Buck) DC voltage. Buck DC to
DC converter is for troubleshooting unstable voltages. The voltage sensor uses a module that can read
voltage values ranging from 0 to up to 25 volts and requires a supply of 5 DC volt. The current sensor that
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has been used in this system is INA 219. The INA219 sensor is a bi-directional system sensor using a shunt
resistor. Relay driver is an electronic component that functions as an auxil-iary switch to move the load.
Relay drivers are used to drive switches for electric current control. Relay drivers used amounted to 4 of
them to set the source of the solar panel, regulate the battery source, regulate battery charging and the
selection of voltage sources. The regulator uses IC 7805. Regulators are used to regulate the source voltage
of a Li-lon battery that has a voltage of 9 volts dc to a working voltage of 5 volts dc. The regulator circuit is
used to provide power supply to the relay driver circuit. The realization of hardware development is shown in
Figure 3.

DC Source Battery Outpat To Load

Figure 3. Picture of hardware from developing result a battery charging control system

3.2. Selection of Voltage Sources Test

Tests are carried out with the battery is set at 12.60 volt and the DC source is varied. The results are
shown in Table 1. In Table 1 shows the control system always prioritizes DC sources or switch A when more
than 12 V and the selector will selects the source from the battery (switch B) when the DC source is less
than 12 V.

Table 1. Selection of Voltage Sources Test

Switch
pe Battery Position Output
Step Squrce Vo_Itages Onrelay 4 Voltages
(Switch A) (Switch B) (Switch A/B)
1 15,00 volt 12,60 volt A 14,75 volt
2 14,35 volt 12,60 volt A 14,20 volt
3 13,47 volt 12,60 volt A 13,25 volt
4 12,76 volt 12,60 volt A 12,48 volt
5 12,58 volt 12,60 volt A 12,35 volt
6 12,40 volt 12,60 volt A 12,10 volt
7 12,00 volt 12,60 volt A 12,60 volt
8 11,92 volt 12,60 volt B 12,60 volt
9 11,50 volt 12,60 volt B 12,60 volt
10 11,00 volt 12,60 volt B 12,60 volt

3.3. Minimum Battery Capacity Test

Testing aims to get system performance. Minimum battery capacity the allowable for supply of
loads is 80%. The test results show the system can work automatically disconnecting the battery to the load
when the capacity is below 80%. In Figure 4 shows relationship between percent of battery capacity and
battery voltage. and for more detailed data can be seen in Table 2. In Table 2 the position of the switch NC or
normally close means that the battery is connected to the load. While on the position switch NO or normally
open means that the battery is not connected to the load.
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Figure 4. Relationship between percent of battery capacity and battery voltage

Relay 2 is the battery connecting switch to the load. When the battery capacity is below 80%, relay
2 is off. When relay 2 is off, the battery is charging. The voltage requirement to the load is supplied by DC
source. Data from battery capacity testing results are shown in Table 2. In Table 2 shows the results that
when the battery voltage is smaller than 11.1 volts or the battery condition is under 80%, relay 2 will cut the
electric current to the load. In row 11 the battery voltage is less than 11.1 volts so relay 2 normally
opens (NO). In Table 2 shows the results that when the battery voltage is smaller than 11.1 volts or the
battery condition is under 80%, relay 2 will cut the electric current to the load. In row 11 the battery voltage
is less than 11.1 volts so relay 2 normally opens (NO).

Table 2. Minimum Battery Capacity Test

No 52}:23; % Battery Capacity Position of Relay 2
1 14,00 V 100.00 % NC
2 13,40V 95.71 % NC
3 13,13V 93.79 % NC
4 12,69V 90.64 % NC
5 12,40V 88.57 % NC
6 11,75V 83.93 % NC
7 11,45V 81.79 % NC
8 11,36 V 81.14 % NC
9 11,30V 80.71 % NC
10 11,25V 80.36 % NC
11 111V 79.29 % NO
12 11V 78.57 % NO

3.4. Charging and Discharging Battery Test

Charging and discharging battery test are carried out to determine the work of the system designed.
In Figure 5 shows the stage of charging the battery. The battery is charged based on DC source capacity.
If the DC source is more than 0.9 amperes, it can charge the battery. Relay 3 is a switch connecting the DC
source to the battery.Test results are shown in Table 3. In Table 3 shows that when DC source is 0.2 volts,
0.10 volts and 0.12 volts it cannot charge the battery. In order for the DC source to recharge it must be more
than 0.9 volts.
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Figure 5. Relationship between DCsource and stage of charge
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Table 3. Charging and Discharging Battery Test

DC Source Position of

No (relay 2) Relay 3 LCD Screen

1 12A NC Battery Charging
2 118 A NC Battery Charging
3 116 A NC Battery Charging
4 1,14 A NC Battery Charging
5 112 A NC Battery Charging
6 1,10A NC Battery Charging
7 0,90 A NC Battery Charging
8 02A NO Battery Discharging
9 0,12 A NO Battery Discharging
10 0,10 A NO Battery Discharging

3.5. Protection of Overload

In this research an over current protection system performance test was also carried out.
The purpose of this protection system is to protect the panel and load due to over current from the battery and
DC source. Testing on short circuit safety uses detection from current sensor 1. When the current sensor
reads the current value of more than 5 amperes, the system will disconnect the current from the DC source
and the battery source. The test results are shown in Table 4.

Table 4. Protection of Overload

No Current Position Position LCD Screen
Sensor 1 Of Relay 1 Of Relay 2 Status
1 11A NC NO Select DC
Source
9 13A NC NO Select DC
Source
3 28A NO NC Select Battery
4 32A NO NC Select Battery
5 51A NO NO Overload

3.6. Calculation of Electric Power

Electric power in Table 5 is obtained by multiplying the electric current and voltage. Based on the
calculation results, the average power flowing to the load can be known. The maximum power that can be
flowed is 50 Watt DC. Tests are carried out with LED light loads.For more detail the average battery power
and DC source are shown in Table 5.

Table 5. Calculation of Electric Power

Source
Vottages Electric SIE?eEn
No (Volt) Current
DC (Ampere) Electric
Source Battery Power (Watt)
1 15,00 V - 1,10 16,5
2 14,49 V - 0,52 75
3 13,80 V - 1,16 16
4 13,09 V - 0,91 11,9
5 12,09 V - 0,43 52
6 - 12,80 V 1,24 15,8
7 - 12,72V 1,81 23
8 - 12,67V 1,53 19,3
9 - 12,15V 0,9 10.9
10 - 11,70V 0,3 3.51

3.7. Duration Time of the Battery

The remaining time is the duration of time the battery will run out of energy. In this study using
battery with 14 V 5Ah. If the average electric current used is 5 A, the battery usage time is 1 hour. In
Figure 6 shows that the more electric current the battery uses, the battery energy will also run out faster.
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Figure 6. Relationship between usage current and time duration battery

In Table 6 is the estimation of the duration of time based on the use of electric current batteries

usage. A battery with 5 Ah means that the average current used in 1 hour is 5 amperes. If use an average
electric current of 0.7 amperes, the duration of the battery reaches 7 hours. For more details are presented in
Table 6.

Table 6. Time Remaining on the Battery

Usage of Duration
No  CABEEY BRI e Time
(Ampere) (hour)
1 100 5 5.0 1
2 100 5 25 2
3 100 5 1.7 3
4 100 5 1.3 4
5 100 5 1.0 5
6 100 5 0.8 6
7 100 5 0.7 7

4. CONCLUSION

Based on the results of testing and analysis that has been carried out the charge controller battery

can work well even with low cost materials. The battery charge controller can choose the right energy form
DC source when the voltage more than 12 V and the battery voltage less than 12.60 volts. And also when the
DC source is less than 12 V and the battery voltage is 12.60 volts, the system selects the battery source.
The control system can also work well when the battery voltage < 11.1 volts than relay 2 will cut the electric
current to the load. The DC source cannot charge the battery if the voltage is less than 80%. In order for a DC
source to charge the battery it needs more than 80% voltage. This BCR protection system also works well.
When the sensor reads a current value of more than 5 amperes, the system will disconnect the current from
the DC source and battery source.
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