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Abstract.  

Purpose: The output power of PV (photovoltaic) changes according to changes in the intensity of solar radiation. 

Therefore, the purpose of this study is to use a utility grid connected system to overcome changes in solar energy 

sources and loads. This is done to maintain an uninterrupted power supply to the load. 

Methods: In this study, we propose a grid-connected PV system with several DC-DC converters connected in parallel 
with several PV sources and batteries with PI control coordination. The proposed method includes two stages, namely 

the DC-DC converter development stage and the battery management strategy stage. 

Result: The study results show that within 0 seconds to 0.45 seconds the DC bus is supplied with PV. Due to the change 

in PV, within 0.45 seconds to 0.65 seconds the DC bus is supplied with unit-1 battery. When there is a change in the 
unit-1 battery, within 0.65 seconds to 0.8 seconds the DC bus is supplied with the unit-2 battery. By using PV 

coordination arrangements and battery units, the microgrid can still supply power to the load even if changes occur in 

the PV or grid. 

Novelty: The novelty in this study is a new microgrid configuration to increase the demand for electrical loads. The 
new configuration uses multi-PV and multi-battery. Multi-PV is used to supply the load and is stored in the multi-

battery, while multi-battery is used at night and if there is a disturbance at the PV output. 
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INTRODUCTION 
Indonesia is a tropical area that has the potential to use solar panels (PV) to meet electricity needs. The On-

Grid system is the most widely used grid-connected PV system and the system works when the utility 

source is available. This system model is a simple system and can help during peak loads during the day. 

In this case the system works effectively when the intensity of solar radiation is at its peak. A grid-connected 

PV system can send excess PV-generated power to utilities. Initially this system was designed not to use 

batteries, but along with technological developments and the need for electric power, this system was 

designed in a hybrid manner with off-grid systems or using batteries [1]. 

 

In the control coordination strategy system [2], [3] to overcome AC bus power fluctuations a fuzzy logic 

control is used on two battery units. Other studies related to grid connected PV systems [4],[5] carried out 

coordinating the reactive power output of wind turbines with other reactive sources for increased voltage 

stability. In the proposed strategy, the voltage levels on the DC-link are segmented to differentiate converter 

operation. When the DC-link voltage is within safe limits, the PV source operates in MPPT mode and the 

inverter output frequency is programmed in proportion to the DC-link voltage deviation. Y.Du et al. (2020). 

[6] presents microgrids with different distributed generators (DG) connected to the distribution network. A 

system energy management (EMS) algorithm was implemented to coordinate the operations of different 

DG units for grid and island connected operations. To improve power management, [7] coordination of 

inverters and two-way DC-DC converters is carried out based on the State of Charge (SoC) of the battery 

so that MPPT and power injection are achieved simultaneously. To increase Active Power balancing in 

grid-connected PV, [8],[9] is carried out with barycentric coordination on a cascaded fed H-bridge 

converter. When the voltage drop approaches 80% of the nominal voltage, the converter is able to supply 
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an active power flow of 810 W. Research on the coordination of PV reactive power control connected to 

the grid [10], with a supply of 6 KVAR shows the line resistivity exceeds a certain critical value, so that 

compensation becomes less effective. But by taking into account the active and reactive power the system 

becomes more effective [11]. 

 

Other related research, namely researcher [12] used decentralized control coordination for DC bus voltage 

regulation and power sharing from several PV sources. This method is also used [13] in coordinated control 

of PV and EV located at different locations in a radial network connected to the microgrid. However, this 

method has not been able to cope with changes in load. Other researchers [14] proposed a distributed control 

structure to manage energy in a microgrid system autonomously, while [15],[16] used a distribution control 

with a battery which plays an important role in the voltage regulation process, to overcome PV power 

fluctuations. For the purpose of improving the performance of T-NPC type inverters in grid connected PV 

systems, a passive based decoupling control scheme was proposed [17]. With 10 kW prototype 

demonstrating the proposed control scheme is effective. Researcher [18] proposed a multilayer control 

coordination method in AC energy management of grid-connected microgrids. This strategy predicts 

customer load demand and PV a day ahead. Meanwhile, researchers [19] use multiple energy stores to be 

able to meet demand at load. Research [20] presents a coordination scheme of DC microgrid ring voltage 

regulation coordination with energy hubs (EH), namely battery banks, fuel cells. This method utilizes the 

converter and EH in a coordinated manner, to maintain the voltage at the load terminals within tolerance 

limits. In the end the research conducted [21],[22] used the voltage regulation method for distribution 

network systems, the method used taking into account the optimization of utility reactive power and 

reducing the problem of ramp-rate use of high voltage PV. The distributed voltage control method was 

tested on an unbalanced medium voltage feeder, with active and reactive power regulation of the inverter. 

 

Based on previous research, for a grid-connected PV system, multi DC-DC converters are used which are 

connected in parallel with several PV sources. Control coordination using PI controller. A part from being 

connected to the grid via a solar inverter, the PV output is also connected to the battery. The goal is that at 

night the PV does not output power, so the battery is connected to the grid via a battery inverter. With this 

method the system can help overcome peak loads during the day and night. 

 

The following methods are widely used for grid connected PV systems. When there is a sudden change in 

radiation intensity, the PV output power (Ppv) will decrease. In order to maintain the DC voltage at the 

desired value, the inverter must reduce the amount of load. The power reduction from the inverter supplied 

to the grid can be avoided by adjusting the mismatch between the inverter power and the power generated 

by the PV. Therefore during sudden changes in solar radiation, the battery unit converter control signal 

must be set so that the battery pack provides power to overcome the difference. This can be expressed by 

equation (1) as follows 

pvb PP +=invP                     (1) 

If the grid voltage is low, the PV must remain connected to the grid for a minimum period of time and must 

provide reactive power [23]. In this case the inverter is controlled using a vector control strategy where the 

q axis precedes π/2 with respect to the d axis. The active and reactive power of the inverter are expressed 

in equations (2) and (3) as follows 

 

 qgqdgdinv iviv
2

3
P +=                      (2) 

 qgddgqinv iviv
2

3
Q +=                      (3) 

 

where (vgd, vqg) and (id, iq) are the grid voltage and grid current, respectively, to the grid side inductor of 

the LCL filter in a rotating reference frame (RRF). Usually, the d axis of the RRF is oriented along the grid 

voltage using the PLL, so vgd =Vg , vgq = 0. Therefore the active and reactive power delivered by the 

inverter is expressed equation (4) as follows: 
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qginv iv
2

3
Q −=                        (5) 

In equation (5) shows that the component q controls the reactive current and at low voltage. References to 

the reactive component of the current are denoted by 
*
qi .. Since the active power of the inverter equation 

(5) does not come from the DC-link voltage controller, it is necessary to maintain a balance of power on 

the DC-link to avoid over-voltage. Low voltage inverter reference values are currents 
*
di dan 

*
qi , so the 

control architecture used is current control or PI controller. Figure 1 shows the PV control connected to the 

utility grid. 

 
Figure 1. Grid connected PV control 

 

The PI parameter setting of the plant transfer function (G(s) is determined by the filter. The PI control is 

considered as an inductive filter (LI), consisting of two filters (L1 and L2). This is because the plant gain 

in controlling bandwidth does not change significantly for LCL and equivalent filter L. The feedforward 

compensation, d-axis and q-axis in G(s) can be expressed by equation (6) as follows 

 

( )
fI RsL

sG
+

=
1

                      (6) 

Rf is the parasitic resistance of the filter L. Since the system is a first-order system, the control gain can be 

selected based on the position of the pole-zero. Furthermore, because the plant transfer function is the same, 

proportional gain and integral gain can be expressed by equation (7) as follows 

 

i

I
p

τ

L
k =                        (7) 

Where τi is the required bandwidth, with a current magnitude of 0.5 ms-5 ms [24]. The bidirectional DC-

DC converter is used to connect the battery to the PV, shown in Figure 2. The inductor (L) filter on the 

bidirectional DC-DC converter is designed [25] based on the maximum allowable current ripple (δi). 

Minimum inductance value during charge and discharge mode with equation (8) as follows 

Oi

2
dc

k Pδ

V

6f

1
L =                       (8) 

where fk is the switching frequency and VDC is the DC-link voltage. 
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Figure 2. DC-DC bidirectional converter 

 

METHODS 

The proposed PV and battery coordination system with PI controller in a microgrid includes two stages, 

namely the DC-DC converter development stage and the regulatory strategy stage on the battery side. The 

system proposed in the block diagram is shown in Figure 3. The system consists of two PV units and two 

battery units. The system is connected to the 220 V utility grid. 

 
Figure 3. PI controller coordination block diagram 

 

A. Multi DC-DC Converter Design 

In this first phase, the development of DC-DC converters with outputs for inverters and batteries is carried 

out. In this stage, the PV output is also stored in the battery apart from being used as inverter input. In this 

stage, three converters are used, each connected to the input inverter, battery-1 and battery-2, as shown in 

Figure 4. Meanwhile, PV1 consists of 5 PV modules connected in parallel. Likewise, for the number of 

PV2 modules. In the design, PV1 and PV2 are connected in series, so the direct output voltage from PV1 

and PV2 is 24 V. In the figure, the PV output is not only used as an inverter input. It is also stored in battery-

1 and battery-2. The parameters of for each PV module are shown in Table 1. 

 

Table 1. Solarex MSX-60 PV module parameters 
Spesifications Value 

Number of Cells Ns 36 

Standard Light Intensity S0 1000 W/m2 

Ref. Temperature Tref 25 ⁰C 

Series Resistance Rs 0.008 Ω 

Shunt Resistance Rsh 1000 Ω 

Short Circuit Current Isc0 3.8 A 

Saturation Current Is0 2.16 e-8 A 

Band Energy Eg 1.12 ev 

Ideality Factor A 1.2 

Temperature Coefficient Ct 0.0024 A/⁰C 

 

 

PV1 – PV2 

Battery-2 
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Figure 4. DC-DC converter design 

 

The storage system uses two battery units. Each battery unit uses ten batteries connected in parallel, so that 

the output voltage in the same direction is 12 V. The battery uses a bidirectional converter. When the 

charging process occurs, the PV output DC voltage is lowered from 24 V to 12 V. When the battery 

discharging process or PV does not provide DC output power, the battery converter will increase the DC 

voltage from 12 V to 24 V. Table 2 shows the battery parameters used in this research. 

 

Table 2. Li-ion battery parameters 
Spesifications Value 

No. of Cells in Parallel/ Seri 1 

Rated Voltage 12 V 

Discharge Cut-off Voltage 1000 Ω 

Rated Capacity 100 Ah 

Internal Resistance 0.05 Ω 

Discharge Current 1.08 A 

 

B. Battery Control Design 

In this stage, the strategy for setting the battery unit-1 and battery-2 units is carried out in supplying energy 

to the DC bus. The control scheme for the one and two battery units is shown in Figure 5. PI controller is 

used for each bidirectional converter. 

 
Figure 5. Battery control design 

 

The refV voltage is the reference DC voltage at battery-1 and battery-2 as the input source of the converter. 

When the PV source is disconnected, battery 1 supplies the DC bus. When battery-1 is disconnected or the 

stored energy is reduced, battery-2 supplies the DC bus. The inverter (DC/AC converter) converts DC 

voltage to AC voltage to supply to the grid or AC load. Figure 6 shows the PV unit and battery coordination 

algorithm in distributing power to the DC bus. Figure 6 shows the coordination algorithm for PV and battery 

control in a microgrid system. 
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Figure 6. Microgrid control coordination 

 

RESULT AND DISCUSSION 

At the beginning of this study, a DC bus arrangement was carried out with a PV source and two battery 

units. At the beginning of the PV source, apart from being connected to the grid via an inverter, some of 

the energy was also stored in two battery units. The PV used consists of 5 PV modules. The module used 

is Solarex MSX-120, the capacity of each PV module is 120 Wp with an open circuit voltage (𝑉𝑜𝑐) 21.1 

V. Figure 7 shows the intensity of solar radiation of 1000 W/m2, while Figure 8 shows the characteristics 

of the PV module with radiation of 750 W/m2 at 25 ⁰C. 

 
Figure 7. Solar radiation 1000 W/m2, 25 ⁰C 
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Figure 8. Solar radiation 750 W/m2, 25 ⁰C 

 

By using the solarex MSX-120 PV module, a test was previously carried out in the form of PV 

characteristics. These characteristics are the power-voltage characteristics and the current-voltage 

characteristics with a radiation intensity of 1000 W/m2, which can be seen in Figure 9 and Figure 10. 

 
Figure 9. P-V characteristics 

 
Figure 10. I-V characteristics 

 

The PV output voltage of 24 V is reduced by 12 V for charging the battery unit using a bidirectional 

converter. When the battery is needed to supply the DC bus, each battery unit coordinately provides 12 V 

as input to the converter. This converter will increase the voltage according to the DC bus voltage, which 

is 24 V. The purpose of this model is to stabilize the voltage on the DC bus, so that it can supply power to 

the load and excess power to the grid. The method used provides DC voltage to the DC bus as shown in 
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Figure 11. Voltage 1 is the battery voltage, while voltage 2 is the voltage that has been increased by the 

converter by 24 V (DC bus voltage). Meanwhile, Figure 12 shows that voltage 1 is the PV output voltage, 

while voltage 2 is the PV converter voltage (24 V). 

 

 

 
Figure 11. Battery voltage and DC bus 

 

 
Figure 12. PV and DC bus voltages 

 

 
Figure 13. Coordination control of PV and battery output power 
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Figure 13 shows the change in power supplied from the PV and the battery pack. Within 0 seconds to 0.45 

seconds the power on the DC bus is supplied by the PV source. As a result of a change in the PV source, 

within 0.45 seconds to 0.65 seconds the DC bus is supplied with battery unit 1. When a change occurs in 

battery unit-1 due to a decrease in power, then within 0.65 seconds to 0.8 seconds the DC bus is supplied 

with battery unit 2. Based on the design results model to overcome the problem of changing the source in 

the DC bus can be done by using the coordination of PV and battery units. Sources from DC bus and AC 

grid, separately supply power to AC loads. By changing the PV source, the microgrid system design is able 

to provide a DC bus voltage of 24 V. 

 
Figure 14 shows the power output of PV1 and PV2 as node A, each PV1 and PV2 delivering 600 watts of 

power. Meanwhile, the output power of the battery converter-1 is node B and the output power of the battery 

converter-2 is node C. The output power of node B is 1200 watts, so is node C. 

 

 
Figure14. Microgrid resource capacity 

 

The load used is the load used in residential homes. The loads used are supplied from single-phase grids 

and microgrid sources via inverters. In a grid-connected PV system, the inverter's output AC voltage is in 

phase with the AC grid voltage. The grid voltage is with an amplitude of 220 V, while the inverter output 

voltage is with an amplitude of 218 V AC. This can be seen in Figure 15. In addition, Figure 16 shows the 

output current with the source from the inverter output. This current is the load current, which is 4.7 A. 

 

 
Figure 15. Grid and inverter AC voltage 
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Figure 16. Load output current 

 

Table 3. Comparison of power flow to load 
Load  Load Energy Microgrid Energy Grid Energy 

Wh Wh Wh 

6W LED light 72 54 18 

10W LED lamp 90 75 15 

12 W fan 108 95 13 

Computer 105 94 11 

Water pump 110 99 11 

Electric stove 100 93 7 

 

Table 3 above shows a comparison of the power consumption from the microgrid with the power from the 

utility grid. From the table it can be seen that PV sources and batteries can meet the load power flow, while 

the power flow from the utility grid is very low. This shows that control coordination with PI controller is 

able to lighten the electricity load on the utility grid. The results of the study found a new microgrid 

configuration to increase the demand for electricity loads. The new configuration uses multi-PV and multi-

battery. Multi-PV is used to supply the load and is stored in multi-batteries, while multi-battery is used at 

night and if there is an interruption at the PV output. 

 

CONCLUSION 

The output power of PV (photovoltaic) changes according to changes in the intensity of solar radiation. To 

overcome fluctuations in PV power, a control strategy is implemented to maintain power supply to the 

microgrid. Therefore, a utility grid connected system is used to cope with load changes and renewable 

energy sources on the microgrid, so that an uninterrupted power supply is generated to the load. The power 

or DC bus voltage can be set with a hybrid system between PV and battery units. Meanwhile, load 

regulation is carried out using a hybrid system between grids and inverter output. The PI controller 

coordination system model between the PV and battery units can provide power to the DC bus. Based on 

testing, within 0 seconds to 0.45 seconds, the DC bus power is supplied using a PV source. When there is 

a change in the PV source from 0.45 seconds to 0.65 seconds, the DC bus is supplied by battery unit 1. 

When there is a decrease in power on the battery unit-1, then within 0.65 seconds to 0.8 seconds, the DC 

bus is supplied by battery unit 2. This method can be developed by microgrid multiple source control 

strategy with a grid from PLTD. 
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