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The intermittent nature of photovoltaic (PV) power generation due to weather conditions 

and time of day can affect the ability of PV systems to satisfy load demand. An effective 

PV system must store excess electrical energy when generation exceeds demand and 

discharge stored energy when demand is greater than generation. This study utilizes 

MATLAB simulations to design and evaluate DC-DC converter circuits for battery 

charging and discharging in PV systems. For charging, a buck converter with a fixed 45 

V source is able to reduce voltage to a range of 33.99 V to 1.46 V by decreasing the duty 

cycle. For discharging, a boost converter with a fixed 12.8 V source can increase voltage 

to 16.90 V–33.49 V by raising the duty cycle. Furthermore, under equal comparison, the 

open-loop buck converter operating at a 35% duty cycle demonstrates worse overshoot of 

14.36% versus 0.24% for the closed-loop PID controlled buck converter. Similarly, the 

open-loop boost converter at 70% duty cycle exhibits slightly higher overshoot of 0.47% 

compared to negligible overshoot for the closed-loop PID controlled boost converter. 
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INTRODUCTION 

The global energy crisis [1] and climate change [2] have 

motivated many countries to gradually transition from non-

renewable energy sources to renewable alternatives [3], [4]. Solar 

photovoltaics (PV) in particular offer the advantages of an 

abundant renewable resource [5] and zero emissions during 

operation [6]. However, solar PV output intermittency poses 

challenges, as the intensity of solar irradiation fluctuates with 

weather conditions and time of day [7], [8], preventing 

continuous absorption by PV panels. Overcoming solar 

intermittency is crucial for enabling higher PV penetrations while 

maintaining grid reliability. 

 

Solar photovoltaic (PV) intermittency poses reliability challenges 

for meeting residential load demand in Indonesia, as peak 

electricity consumption times are often inverse to peak 

production times [9]. Appropriate PV system design is therefore 

critical, potentially incorporating DC-DC converters for battery 

energy storage and discharge [10]–[12]. Storage enables supply 

during high demand periods when generation is insufficient, 

while charging during low demand allows excess PV generation 

to be captured. 

This work focuses on a 600 Wp PV system capable of meeting 

electricity needs for middle to lower income Indonesian 

households. The system size dictates key DC-DC converter 

parameters for the buck and boost converter designs presented. 

The buck converter steps down PV voltage for battery charging, 

while the boost enables higher voltage discharging to meet load 

demand. Maintaining output current and voltage set points 

enables effective PV energy time-shifting. 

 

Prior relevant works have explored similar DC-DC converter 

applications but differ in aspects like MPPT utilization, converter 

topologies, and load supply configurations [13]–[15]. By 

detailing basic buck and boost converter design for PV energy 

storage and discharge, this research provides fundamental 

insights for improved PV reliability via DC-DC conversion. 

 

The key objectives were to 1) highlight the motivation around PV 

intermittency and residential demand mismatch, 2) summarize 

the core technical approach of using DC-DC converters for 

battery charging/discharging to time-shift solar energy, and 3) 

differentiate the focus of this work compared to prior arts. 

METHOD 

In this study, the design of DC-DC Buck and Boost Converter for 

storing and discharging electrical energy using a battery in a PV 

Hybrid system was carried out using Simulink MATLAB 

software. This simulation modeling is important to do in the 

initial stages of converter circuit design in order to minimize 
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various system failures that might occur in the future, if the real 

form of the converter design has been made in the form of a PCB 

circuit. 

 

Then, based on the system block diagram in Figure 1 below, it 

can be seen that PV as a source of electricity has two options to 

continue the dc energy it produces, namely to charge the battery 

with a dc-dc buck converter component, or PV is used directly to 

supply ac loads with inverter component. In addition, not only PV 

but also a battery that has been fully charged by PV can also be 

used as a power source to supply AC loads by first passing it to 

the DC-DC boost converter and inverter components as seen in 

Figure 1. 

 

 
Figure 1. DC-DC Converter Block Diagram in Hybrid PV 

Systems with PV and Batteries as Power Sources 

 

PV Array 

The solar panel module used in this study is a monocrystalline 

SOL-M12150W type with a module output power of 150 Wp 

[16]. Furthermore, in the PV system, four units of solar panel 

modules are used in series-parallel so that the Voc and Isc values 

are approximately 44.2 V and 17.38 A. The following is based 

table 1 presents the data specifications of the solar panel module 

used. 

 

Table 1. Solar Panel Specification Data Used [16] 

Characteristic Rating  

Max. Power (Pmax) 150 Wp 

Optimum Operating Voltage (Vmp) 18.1 V 

Optimum Operating Current (Imp) 8.29 A 

Open Circuit Voltage (Voc) 22.1 V 

Short Circuit Current (Isc) 8.69 A 

Battery Storage 

The type of battery used in this study, namely Lithium-Ion 

LFP200AHA 3.2 V [17] was installed in series with four units so 

that the battery system specification value was obtained, namely 

12 V 200 Ah. The following describes the data specifications for 

the per-cell battery used. 

 

Table 2. Battery Specification Data Used [17] 

Characteristic Rating   

Nominal Voltage 3.2 V  

Capacity 200 Ah  

Operating Voltage (Max – Min) 3.8-2.8 V  

Deep Discharge Voltage 2.5 V  

Maximal Charge Voltage 4 V  

Optimal Discharge Current (0.5 C) <100 A  

Maximal Charge Current (0.5 C) <100 A  

DC-DC Converter 

In this study, two types of DC-DC Converters were used, namely 

DC-DC Buck Converters for charging systems with PV as a 

source of electrical energy and DC-DC Boost Converters as a 

discharging system with batteries as a source of electrical energy. 

Furthermore, the research flowchart for the design of the DC-DC 

Converter can be seen in figure 2. 
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Figure 2. Flowchart for DC-DC Converter Design 

Mathematical Calculations for DC-DC Buck Converter 

Circuit Design as a Power Charging System 

As a charging system, the DC-DC Buck Converter in a hybrid PV 

system is used to lower the source voltage of the PV modules so 

that it matches the voltage specifications required by the battery. 

In the following, several mathematical equations [18] are present 

to obtain the values or specifications of the constituent 

components of the DC-DC Buck Converter circuit. 

 

a. Determine the output voltage (Vout) 

Vout = Vin ∙ D (1) 

b. Determine output current (Iout) 

Iout (max)   =  
𝑉𝑜𝑢𝑡

𝑅𝑙 (𝑚𝑖𝑛)
 (2) 

Iout (min)   =  
𝑉𝑜𝑢𝑡

𝑅𝑙 (𝑚𝑎𝑥)
 (3) 

c. Determine output power (Pout) 

Pout (max) = Vout . Iout (max) (4) 

Pout (min) = Vout . Iout (min) (5) 

d. Determine the minimum inductor value (Lmin) 

Lmin = 

𝑅𝑙 𝑚𝑎𝑥 (
1

𝜂
−𝐷𝑚𝑖𝑛)

2 𝑓𝑠
 (6) 
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e. Determine the peak-to-peak current (∆il) 

∆il max =  
𝑉𝑜𝑢𝑡 (1−𝐷𝑚𝑖𝑛)

𝑓𝑠 .  𝐿
 (7) 

f. Determine voltage stresses (Vsm(max)) 

VSM(max) = VDM(max) = VImax (8) 

g. Determine current stresses (Ism(max)) 

ISM (max) = IDM max = Iout max + 
Δ𝑖𝑙

2
 (9) 

h. Determine the output value of capacitor (Cout) 

Cmin =  
𝐷𝑚𝑎𝑥

2 𝑓𝑠 .  𝑟𝑐 𝑚𝑎𝑥
 (10) 

i. Determine power looses (PLS) 

PLS = PrDs + PSW + PD + Prl + Prc (11) 

• Power mosfet dissipation (PFET) 

PFET = PrDs + 
𝑃𝑆𝑊

2
  (12) 

• Diode conduction loss (PD) 

PD = PVF + PRF (13) 

• Inductor loss (Prl) 

Prl = rl . Iout(max)2  (14) 

• Capacitor loss (Prc) 

Prc = 
𝑟𝑐 . (∆𝑖𝑙 𝑚𝑎𝑥)2

12
    (15) 

j. Determine the efficiency of the circuit (Ƞ) 

Ƞ   =   
𝑃𝑜𝑢𝑡

𝑃𝑜𝑢𝑡+𝑃𝐿𝑆
 𝑥 100%  (16) 

k. Determine Snubber Converter 

• Snubber capacitor (Csn) 

Csn = 
𝐼𝑙 .𝑡𝑓

2 .𝑣𝑓
 (17) 

• Snubber resistor (Rsn) 

Rsn < 
𝑡𝑜𝑛

5𝐶
 (18) 

 

 
Figure 3. Simulink Model DC-DC Buck Converter 

 

 

 

 

 

Table 3. DC-DC Buck Converter Component Specifications 

Characteristic Rating  

Input Voltage (Vin) 45 V 

Output Voltage (Vout) 16 V 

Duty Cycle (D) 35 % 

Maximum Load Resistance (RLmax) 1.6 Ω 

Minimum Load Resistance (RLmin) 0.32 Ω 

Maximum Output Current (Ioutmax) 50 A 

Minimum Output Current (Ioutmin) 10 A 

Maximum Output Power (Poutmax) 800 W 

Minimum Output Power (Poutmin) 160 W 

Minimum Inductance (Lmin) 20.64 µH 

Peak-to-Peak current of the inductor (ΔiL) 4.128 A 

Semiconductor Voltage Stresses (Vsmmax)  45 V 

Semiconductor Current Stresses (Ismmax)  52.064 A 

Minimum Capacitance (Cout) 183 µF 

Total Power Loss (PLs) 224.7 W 

Circuit Efficiency (Π) 78 % 

Snubber Capacitor (Csn) 90 nF 

Snubber Resistor (Rsn) 44 mΩ 

Mathematical Calculations for DC-DC Boost Converter 

Circuit Design as a Power Discharge System 

As a discharging system, the DC-DC Boost Converter in a PV 

hybrid system is used to increase the source voltage from the 

battery to match the voltage specifications required by the 

inverter. In the following, the inverter data specifications are 

present, which can be seen in Table 4 [19] to serve as one of the 

reference values in designing the ideal output value for the dc-dc 

boost converter. So after that, several mathematical equations are 

also presented to obtain component values or specifications 

constituent of the dc-dc boost converter circuit [18]. 

Table 4. Specifications of the GTI-D1000B Inverter [19] 

Characteristic Rating  

Output Power 950 W 

Optimum Operating Voltage (Vmp) 35-39 V 

Open-Circuit Voltage (Voc) 42-45 V 

MPPT Voltage Range 30-40 V 

AC Voltage Range 190~260 V 

 

a. Determine the output voltage (Vout) 

Vout =  
𝑉𝑖𝑛 

1−𝐷
  (19) 

b. Determine output current (Iout) 

Iout (max)   =  
𝑉𝑜𝑢𝑡

𝑅𝑙 (𝑚𝑖𝑛)
 (20) 

Iout (min)   =  
𝑉𝑜𝑢𝑡

𝑅𝑙 (𝑚𝑎𝑥)
 (21) 

c. Determine output power (Pout) 

Pout (max) = Vout . Iout (max) (22) 

Pout (min) = Vout . Iout (min) (23) 
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d. Determine the minimum inductor value (Lmin) 

Lmin = 
𝑅𝑙 𝑚𝑎𝑥 .  𝐷 (1−𝐷)2

2 .  𝑓𝑠
 (24) 

e. Determine the peak-to-peak current (∆il) 

∆il =  
𝑉𝑜𝑢𝑡 .  𝐷 (1−𝐷)

𝑓𝑠 .  𝐿
 (25) 

f. Determine voltage stresses (Vsm(max)) 

VSM(max) = VDM(max) = VOUT (max) (26) 

g. Determine current stresses (Ism(max)) 

ISM max = IDM max = Iimax + 
Δ𝑖𝑙 𝑚𝑎𝑥

2
 (27) 

h. Determine the output value of capacitor (Cout) 

Cmin =  
𝐷𝑚𝑎𝑥 .  𝑉𝑜𝑢𝑡

𝑓𝑠 .  𝑅𝑙𝑚𝑖𝑛 .  𝑉𝑐𝑝𝑝
 (28) 

i. Determine power looses (PLS) 

PLS = PrDs + PSW + PD + Prl + Prc (29) 

• Power mosfet dissipation (PFET) 

PFET = PrDs + 
𝑃𝑆𝑊

2
 (30) 

• Diode conduction loss (PD) 

PD = PVF + PRF (31) 

• Inductor loss (Prl) 

Prl = rl . Ilrms2 (32) 

• Capacitor loss (Prc) 

Prc = rc . ICrms
2 (33) 

j. Determine the efficiency of the circuit (Ƞ) 

Ƞ   =   
𝑃𝑜𝑢𝑡

𝑃𝑜𝑢𝑡+𝑃𝐿𝑆
 𝑥 100%  (34) 

k. Determine Snubber Converter 

• Snubber capacitor (Csn) 

Csn = 

𝐼𝑙 .𝑡𝑓

2 .𝑣𝑓
 (35) 

• Snubber Resistor (Rsn) 

Rsn < 
𝑡𝑜𝑛

5𝐶
 (36) 

 

 
Figure 4. Simulink Model DC-DC Boost Converter 

 

 

Table 5. DC-DC Boost DC Converter Component Specifications 

Characteristic Rating  

Input Voltage (Vin) 12.8 V 

Output Voltage (Vout) 45 V 

Duty Cycle (D) 71 % 

Maximum Load Resistance (RLmax) 5 Ω 

Minimum Load Resistance (RLmin) 3 Ω 

Maximum Output Current (Ioutmax) 15 A 

Minimum Output Current (Ioutmin) 10 A 

Maximum Output Power (Poutmax) 675 W 

Minimum Output Power (Poutmin) 450 W 

Minimum Inductance (Lmin) 7.66 µH 

Peak-to-Peak current of the inductor (ΔiL) 7.41 A 

Semiconductor Voltage Stresses (Vsmmax)  45 V 

Semiconductor Current Stresses (Ismmax)  18.70 A 

Minimum Capacitance (Cout) 1.89 mF 

Total Power Loss (PLs) 158.53 W 

Circuit Efficiency (Π) 80 % 

Snubber Capacitor (Csn) 46.57 nF 

Snubber Resistor (Rsn) 107 mΩ 

Full-Bridge Inverter Single Phase (DC-AC) 

The design of the inverter in this study is limited to showing that 

the output value produced by the Simulink Model dc-dc boost 

converter with a battery as the energy source can indeed be used 

to supply inverters with similar specifications as attached in Table 

4, which can also be used as a reference in determining the output 

value of the boost converter when designing. 

 

In addition, with the same inverter input value range, this study 

shows that the PV Array can also be used as aa hybrid PV energy 

source, as shown in Figure 1, which can also be used to supply 

inverters directly to meet load demand. 

 

Based on Figure 5, it can be seen that to carry out the unipolar 

switching method on a full-bridge inverter, two sinusoidal signals 

with a frequency of 50 Hz are required by a sine wave component 

with a phase angle difference of 180°, which will then be 

modulated by a carrier signal in the form of a triangle wave with 

a frequency of 1000 Hz by sawtooth generator component, after 

which the modulated signal will be forwarded to the 

semiconductor components S1, S2, S3, S4 (IGBT) which are 

arranged in the form of a full bridge inverter. Figure 6 shows 

Simulink model of DC-DC buck and boost converter in hybrid 

PV systems. 

 

 
Figure 5. Full-Bridge Single Phase Inverter with Unipolar 

SPWM Switching 
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Figure 6. Simulink Model DC-DC Buck and Boost Converter in Hybrid PV Systems 

 

RESULTS AND DISCUSSION 

Analysis of DC-DC Converter System Response With a 

Fixed Source 

After testing the DC-DC Converter with a fixed source, as shown 

in Figure 3 and 4. Then the result is obtained that by giving a 

switching frequency value of 25 kHz by the IC components used, 

as well as by varying the duty cycle value in the system, then the 

results will be obtained which is following the theory, where the 

smaller the duty cycle value given to the buck converter, the 

output voltage value to the input voltage will decrease, namely 

from 45 V to 33.9 – 1.46 V. Meanwhile in the boost converter, 

the greater the value is given duty cycle, the value of the output 

voltage to the input voltage will also increase, from 12.8 V to 

16.90 – 33.49 V. Furthermore, Tables 6 and 7 show a comparison 

of the response results of the transition system with and without 

PID on the DC-DC Converter, as shown in Figures 7-10. 

 

Furthermore, based on the test results summarized in Tables 6 and 

7, it can be concluded that a closed loop system equipped with a 

PID controller on the buck and boost converter, as seen in Figures 

8 and 10, can function to reduce the overshoot value in the 

transition system response. 

 

Table 6. Response Data for Open and Closed Loop DC-DC Buck Converter Systems with a Duty Cycle Value of 35% 

Parameter 

Buck Converter Open Loop  

(Without PID Controller) 

Buck Converter Close Loop  

(With PID Controller) 

Vout Iout Vout Iout 

Amplitude 13,66V 42,70A 15,84V 49,52A 

High 13,74V 42,95A 15,92V 49,77A 

Low 78,6mV 245,9mA 80,1mV 250,5mA 

Rise Time 502,7µs 502,7µs 3,07ms 3,07ms 

Settling Time 2,03ms 2,03ms 8,17ms 8,17ms 

Preshoot 0,57% 0,57% 0,50% 0,50% 

Overshoot 14,36% 14,36% 0,24% 0,24% 

UnderShoot 2,49% 2,49% 3% 3% 

Max 15,71V 49,09A 16,01V 50,03A 

Min 144µV 449,9µA 144µV 449,9µA 

Peak to Peak 15,71V 49,10A 16,01V 50,02A 

Mean 13,69V 42,79A 15,97V 49,92A 

Median 13,70V 42,80A 15,99V 49,99A 

RMS 13,70V 42,80A 15,98V 49,93A 
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Table 7. Response Data for DC-DC Boost Converter Open and Closed Loop Systems with a 70% Duty Cycle 

Parameter 

Boost Converter Open Loop  

(Without PID Controller) 

Boost Converter Close Loop  

(With PID Controller) 

Vout Iout Vout Iout 

Amplitude 32,86V 10,95A 31,35V 10.45A 

High 33,03V 11,01A 31,51V 10.50A 

Low 166mV 55,3mV 158,3mV 52.7mA 

Rise Time 83,29ms 83,29ms 72,90ms 72.90ms 

Settling Time - - 127ms 127ms 

Preshoot 0,50% 0,50% - - 

Overshoot 0,47% 0,47% 0% 0% 

UnderShoot 2,00% 2,00% - - 

Max 33,20V 11,06A 31,66V 10,55A 

Min - 6,2µV -2,0µA -7,0µV -2,3µA 

Peak to Peak 33,20V 11,06A 31,66V 10,55A 

Mean 31,48V 0,50A 29,31V 9,77A 

Median 32,97V 0,47A 30,75V 10,25A 

RMS 31,66V 2A 29,48V 9,82A 

 

 
Figure 7. Open Loop System Buck Converter Without PID 

 

 
Figure 8. Closed Loop System Buck Converter With PID 

 

 
Figure 9. Open Loop System Boost Converter without PID 

 

 
Figure 10. Closed Loop System Boost Converter With PID 

Analysis of DC-DC Converter System Responses With 

Varying Sources 

Buck Converter As a Charging Systems (DC-DC) 

Based on the PV 600 Wp test connected to the DC-DC Buck and 

Boost Converter for the LFP200AHA lithium-ion battery 

charging process, as in figure 11. Then the results of the system 

response are obtained as attached in Figure 12, namely in the form 

of a change in the output current and voltage values on the battery 

and buck converter side when the solar irradiation (IR) value 

received by the PV array changes from 0 W/m2 - 1000 W/m2, as 

is the case in Table 8. Furthermore, based on Figure 12, especially 

in the SOC signal section it can also be seen that the designed 

system has been successful and can work properly for the battery 

charging process, where this can be indicated by changes in the 

SOC signal which tends to increase in the system as the change 

in solar irradiation value, apart from that with variations in 

irradiation received by the PV in the system. Of course, can also 

affect the battery charging time. 
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Figure 11. Simulink Model of 600 Wp Solar Panel Connected DC-DC Buck Converter and Lithium-Ion Battery LFP200AHA 

 

 
Figure 12. The plot of Output Current and Voltage Curves on the Sides of Solar Panels, Buck Converters, and Batteries with Various 

Irradiations for the Charging Process 

 

Table 8. Result Data for PV 600 Wp Connected DC-DC Buck Converter for Charging LFP200AHA 12V 200Ah Battery with a Duty Cycle 

Value of 35% 

 

 

Solar 

irradiation 

(W/m2 ) 

Solar Panel Buck Converter Battery 

Pout      

(W) 

Iout        

(A) 

Vout      

(V) 

Pout      

(W) 

Iout        

(A) 

Vout      

(V) 

Pbat    

(W) 

Ibat      

(A) 

Vbat      

(V) 

0 -121,28µ -6,90µ 17,56 -34,49m -2,50m 13,77 34,49m 2,50m 13,77 

200 27,38 667,1m 40,80 4,46 323,8m 13,77 -4,46 -323,8m 13,77 

400 89,05 2,14 41,53 62,57 4,54 13,78 -62,57 -4,54 17,78 

600 147,40 3,51 41,98 120,19 8,71 13,78 -120,19 -8,71 13,78 

800 195,07 4,60 42,34 165,50 11,99 13,79 -165,50 -11,99 13,79 

1000 404,02 10,01 42,57 231,79 16,71 13,79 -231,79 -16,71 13,79 
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DC-DC Boost Converter As a Discharge Systems (DC-

DC 

Based on testing, the LFP200AHA lithium-ion battery connects 

to the DC-DC Boost Converter for the battery discharge process, 

as in figure 13. Then the results of the system response are 

obtained, as attached in Figure 14. Namely, the system can work 

for the battery discharge process, where this is indicated by 

changes in the SOC signal, which tends to decrease in the system 

over time, and based on the results of the battery discharge plot 

used in Figure 9, shows that setting the size of the output current 

to supply the load requirements also affects the battery lifetime. 

Therefore, setting the correct duty cycle value, as shown in Table 

9, also has a major effect on the system. 

 

 

 

 
Figure 13. Simulink Model of Lithium-ion Battery LFP200AHA Connected DC-DC Boost Converter 

 

 
Figure 14. The plot of the Output Current and Voltage Curves on the Battery Side and the Boost Converter for the Discharging Process 
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Table 9. Result Data for LFP200AHA Lithium-Ion Battery Connected to DC-DC Boost Converter 

Duty 

Cycle (%) 

Battery Boost Converter 

Battery 

Voltage (V) 

Battery 

Current (A) 

Battery 

Power (W) 

Output 

Voltage (V) 

Output 

Current (A) 

Output Power 

(W) 

10 13,767 15,963 215,218 17,475 5,825 108,078 

20 13,767 16,916 228,305 18,507 6,169 118,606 

30 13,763 21,566 291,383 19,322 6,441 126,170 

40 13,760 24,029 325,520 21,417 7,139 153,092 

50 13,755 31,213 423,526 24,951 8,317 207,762 

60 13,748 39,055 531,686 29,527 9,842 291,510 

70 13,737 53,341 728,546 34,845 11,615 408,048 

80 13,716 79,278 1085 38,558 12,853 504,523 

90 13,687 119,493 1634 31,238 10,413 331,509 

 
Figure 15. The plot of Discharge Characteristics of the LFP200AH Lithium-Ion Battery 

Analysis of PV 600 Wp and Lithium-Ion Battery 200 Ah 

as the main source in PV Hybrid systems (DC-AC) 

PV as an Energy Source (DC-AC) 

Based on the Simulink testing of the hybrid PV system model in 

Figure 6, which further obtained the system plot results in Figure 

16 below, it can be seen that the 600 Wp solar panel with 

measured PV voltage and current of 33.34V and 17.21A, when 

connected to the inverter, can generate ac electricity on the load 

side with RMS voltage and current values of 170.44V and 

900.97mA. 

 
Figure 16. Inverter Output Signals When Supplied by PV 

Battery As Energy Source (DC-AC) 

Furthermore, based on the Simulink testing of the Hybrid PV 

system model in Figure 6, which further obtained the system plot 

results in Figure 17 below, it can be seen that the 12V 200Ah 

lithium-ion battery is passed through the dc-dc boost converter 

first or with the boost converter output voltage and current being 

measured, which is equal to 34.84V and 11.61A, then when 

connected to the inverter can generate ac electricity on the load 

side with RMS voltage and current values of 148.58V and 

785.40mA 

 

 
Figure 17. Inverter Output Signal When Supplied by a Battery 
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CONCLUSIONS 

The designed hybrid PV system successfully charges batteries 

during periods of excess PV generation through a buck converter, 

stepping down the 600 Wp PV voltage from ±44.2V to 13.77-

13.79V by adjusting the 35% duty cycle. For discharging, the 

boost converter increases the 12.8V lithium-ion battery voltage to 

34.84V using a 70% duty cycle, providing power during high 

demand nighttime hours. 

 

Recommendations for further work include adding constant 

current (CC) or constant current, constant voltage (CC/CV) 

control to the buck converter to prevent battery overcharge and 

optimize charging current. Similarly, constant voltage (CV) or 

CC/CV control would allow the boost converter to produce 

larger, more constant output voltages as needed by the inverter 

specifications. Finally, incorporating a maximum power point 

tracking (MPPT) system would allow the PV system and 

converters to approach maximum power generation capacity. 
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