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Abstract— This paper deals with the generation of electric power with the help of a solar panel and storing it in a battery for 

a single use application. A lithium ion battery pack is used for its higher depth of discharge and better nominal voltage in 

comparison to the conventional lead-acid battery packs. A charge controller works to charge and discharge depending on the 

state of charge. The primary load is an LED street lights in rural settings, with poor energy infrastructure and lack of access 

to grid supply. An MPPT algorithm is implemented for tracking the maximum power from PV panel under all conditions, 

which is programmed with Perturbed and Observe algorithm. A DC-DC converter helps to regulate the input voltage for the 

load. A study is done to observe and compare the effects of a Buck converter and a SEPIC converter in such a circuit. 
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I. INTRODUCTION 

Due to the increasing demand of the fossil fuels, photo voltaic technology has been widely implemented over the past two 

decades. A solar panel is a device used for the conversion of the sun’s radiation into electrical energy. It has the advantages of 

less maintenance, no wear problem and there is no noise pollution produced. Nowadays in rural electrification projects, solar 

power plays an important role even though the initial cost of the solar power system is high. Generation of solar power depends 

upon the PV (photovoltaic) array. A single PV cell generates very low power. Therefore, numerous PV cells are connected in 

series in-order to obtain the desired power output. Solar power produced is increased by sun tracking and Maximum Power 

Point Tracking. The single-ended primary-inductance converter (SEPIC)is a DC/DC-converter topology that provides a positive 

regulated output voltage from an input voltage that varies from above to below the output voltage. The operation of the SEPIC 

converter in the OFF state (top) and the ON state (bottom) can be observed from the following Fig 1. 

 
Fig. 1: Modes of operation of a SEPIC converter 

When switch Q1 is turned OFF, voltage across inductor L1a is VOUT. Since CIN is charged to VIN, the voltage across 

Q1 (when Q1 is OFF) is VIN+VOUT, the voltage across L1a is VOUT. When switch Q1 is turned ON, CP is charged to VIN. 

However, inductor L1b is connected in parallel with CP, so the voltage across L1b is –VIN. 

 
Fig. 2: Circuit Diagram of SEPIC converter 

A simple circuit diagram for the same is given in Fig 2. The battery also needs to be monitored for the magnitude of 

voltage, current and state of charge within it at any given time. To maintain a uniform flow of charge, a charge controller 

watches over these set parameters and decides whether discharging to the load is advisable or not. 

II. CIRCUIT TOPOLOGY WITH OPERATION 

Fig 3 represents the block diagram of the proposed model. The input supply for the project is fed by a photovoltaic panel which 

comprises of a series of solar cells. The photovoltaic panel is coupled with Maximum Power Point Tracking and the algorithm 
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makes use of the Pretrubed & Observe algorithm. A lithium-ion battery is used. A charge controller is implemented to monitor 

the SoC and regulate the charging and discharging action. The battery supplies a nominal discharge voltage of 48V. A DC-DC 

converter is implemented to step-down the DC voltage whenever the battery discharges. A SEPIC converter, as shown in Fig 

3, is used in this project that allows for a voltage regulation above and below the required output voltage. We have also decided 

to do a study on such a citcuit with a Buck converter. Finally, resistive LED lamps in parallel are the load. They are considered 

to be street lamps for a rural setting. 

 
Fig. 3: Block Diagram of the Proposed Model 

A. Operation 

A PV system employs solar panels comprised of a number of solar cells in a combination of series or parallel configuration or 

a combination of both. The conversion of solar energy to electrical energy is a static process and does not involve any parts in 

motion. The external factors which affect the output from a solar cell are the irradiance factor from the sun and atmospheric 

temperature, which must be taken into account while calculating the output required. 

A 1 kW solar photovoltaic array is used while the solar irradiance and temperature is assumed to be 1,000W/m2 and 

25˚C respectively. It delivers a DC voltage that fluctuates around an average of 48V. Maximum Power Point Tracking is a 

technique commonly implemented for solar and wind turbines in-order to maximize power extraction under all conditions. 

MPPT provides a solution to the central problems faced by the solar panel, which include the inefficiency of sunlight falling on 

the solar panels and electrical characteristics of the load. With variations in the amount of sunlight falling on the solar panel, 

the load characteristics of the MPPT changes in-order to optimize the system’s efficiency when the load characteristic changes 

to maintain power transfer at its highest efficiency. The aim of the MPPT system is to cater to the complex relationship between 

temperature and total resistance and apply adequate resistance to obtain maximum power for any given environmental 

conditions. 

The output of the solar panel is given as a supply source to the battery. Lithium-ion batteries are known for having 

better life cycles than lead-acid batteries. Since the project involves loads that will be ON for an average of 10 hours in practice, 

we have considered lithium-ion batteries that last longer with a better lifecycle. A 48V, 20Ah battery is used for the storage 

purpose. The purpose of the battery is not only to store charge but to also know when to charge and discharge. A charge 

controller is used to check the voltage and current in the battery at all times and run it through an SoC control block which 

checks the current voltage against the threshold voltage below which discharging action will not be favoured. The SoC must be 

at least above 20% for the battery to discharge. The desired voltage limits for discharging and charging action of the battery are 

90% and 20% respectively. 

The 48V DC from the battery is then picked up by the SEPIC converter to step down and thereby regulate the voltage 

at a constant 12V. Although other converters such as a buck-boost and a buck converter are helpful, we neglect the buck-boost 

for the inconvenience it causes with an inverted output waveform. SEPIC converters are useful in applications in which a battery 

voltage can be above and below that of the regulator’s intended output. We do however make a study with a buck converter in 

the same project. Such a buck converter operates to give the same 12V output to the load. The need to use a converter that gives 

us the option to yield a voltage higher than the desired output is because of real time power constrains. At times, certain lamps 

in a street need to be powered throughout the night whereas a few other lamps in the same street can be turned off due to low 

charge. A SEPIC is helpful at such situations by providing the option of higher discharge voltages. 

50 LED lamps with a rating of 12V, 40A is chosen as the load for this project. It is ideally considered to be for a 

streetlamp application in a rural setting. A gate pulse can be sent to disconnect the lamp from the load for priority lighting in 

select areas during emergencies. 

III. SIMULATION 

This paper simulated the solar powered lithium-ion battery pack by MATLAB software. The simulation was done for the solar 

panel with solar irradiance and temperature assumed to be 1,000W/m2 and 25˚C. The solar-PV array should be modelled taking 

concern of that the output characteristics of a solar-PV panel affects the MPPT controller and the power converters utilized in 

the system. Modelling of PV modules or arrays is required in order to design and monitor these systems. Fig 4 and Fig 5 depicts 

the Simulink model of the solar panel module along with the MPPT block. A PV module comprises of several PV cells 
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connected in other series or parallel combination. A maximum of 2 modules are connected in series and parallel each. A total 

of 48 cells are present in each module with the maximum power per module to be around 254.925 W. The characteristics of the 

equivalent solar cell circuit can be expressed as, 

Ipv = Iph – Ir [exp {q/ (Akt (Vpv+IpvRs))} - 1] 

   
Fig. 4: Simulink model of PV panel with MPPT  Fig. 5: Simulink model of the MPPT block 

Likewise, the simulation of lithium-ion battery pack with the SoC charge control is also simulated in this project. The 

initial SoC of the battery is predetermined in the block parameters as 20%. As the battery is charged up from the PV source, 

the SoC at every instant is measured and compared with a constant block of 100%. The difference is used to limit the input 

signals between the lower and upper threshold values. These signals are connected to a switch which opens when the battery 

has reached 100% SoC i.e., the difference is zero. Fig 6 shows the SoC control block. 

 
Fig. 6: SoC control block 

 
Fig. 7: Simulink model of Lithium-ion battery pack 

However, the entire battery block including the SoC control block is included in Fig 7. It consists of a lithium-ion 

battery having a nominal discharge voltage of 48V. The battery terminals are given to the DC-DC converter. The gate pulse for 

the mosfet driving the converter is supplied from the MPPT block. For simplicity’s sake the project takes the same parameters 
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from the MPPT block for the pulse generator. The input for the SEPIC converter is given from the battery as 48V DC. With a 

duty cycle of 0.5, an output of 12V DC is obtained. Fig 8 depicts the simulink model for such a SEPIC converter. 

 
Fig. 8: Simulink model of SEPIC converter 

The output from the SEPIC converter is directly fed to the load. The power flow is observed by the voltage 

measurement at each block in the simulation. It is safe to assume that a regulated 12V is supplied to the load. Every simulation 

for this project is done on MATLAB R2015a. 

 
Fig. 9: DC output from the solar PV array with MPPT 

 
Fig. 10: Charge time of the battery 

 
Fig. 11: Discharge time of the battery 
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Fig. 12: Nominal discharge characteristics of battery 

 
Fig. 13: Fixed DC output from SEPIC converter 

The above mentioned figures depict the output waveforms for the simulated files. Fig 9 represents the DC output from 

the solar photovoltaic array with the MPPT block. It can be seen that an average of 55V is received as the output. The battery’s 

charging and discharging slope is seen in Fig 10 and Fig 11. Meanwhile, Fig 12 shows us the nominal current discharge 

characteristics of the lithium-ion battery. It can be seen that for a discharge voltage of 48V, the storage capacity is 18.09Ah. 

Finally, the output voltage from the SEPIC converter which is to be fed as the input for our load is at a fixed voltage of 12V 

which matches the desired voltage. The corresponding graph is shown Fig 13. 

IV. CONCLUSION 

In India more than 65% peoples are live rural area. From the simulation output, it can be inferred that the proposed model with 

a solar photovoltaic panel is an emerging technology in developing a nation like India. The PV Panel is integrated with MPPT 

(Maximum Power Point Tracking) Perturbed & Observe Algorithm. The proposed model makes use of a Lithium-ion battery 

which is advantageous over the conventional Lead-acid battery as it cuts down on discharge time and improves the life cycle. 

Additionally, the use of SEPIC converter is handy with the presence of a Lithium-ion battery as the output of the battery in 

practical cases is neither fixed nor regulated. 
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