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Abstract : 

The power demand and power generation gap is increasing progressively. Distributed power 

generation is becoming significant to overcome the imbalance between load and supply. Among all 

the non- conventional sources, solar photovoltaic is most preferred  renewable source due to its 

availability, increased efficiency and compactness. For remote locations stand-alone Solar PV is 

preferred with d.c.equipments. In suchsystems d.c. to d.c converter regulates the d.c. output. The 

proper selection of converter is most important criteria to achieve the regulated d.c. output. The 

ripple can be further reduced with input capacitor.   

In this paper, the comparison of various converters is done and most suitable d.c. to d.c. converter for 

the stand alone solar application is suggested. 
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1. Introduction  

The energy demand is increasing day by day. To fulfill this demand Mega power plants are coming 

up with ultra high voltage direct current transmission.Renewable sources like solar, wind, tidal etc. 

are also playing significant role. Solar system is adapted more due to abundant fuel availability, 

compactness and increased efficiency. The solar PV system can be grid connected or stand-

alone.Stand-alone solar photovoltaic is preferred for electrification of remote places. In such 

conditions the d.c.equipments like d.c. fans, d.c. water pumps, d.c. lighting system etc. are used to 

reduce the number of stages in the system. Reduction in stages increases the efficiency of the system 

as well as reduces the complexity of the circuit.  

The stand -alone system consists of PV panel, suitable d.c. to d.c. converter and battery. The battery 

plays an important role in stand- alone system. The optimum selection of pv panel and battery 

increases the efficiency, reliability and economy of the system [1]. Another way of increasing the 

overall efficacy of the system is by reducing the number of conversion stages used between source 

and load. The system output can be increased i) by increasing number of panels connected in series 

and parallel combination. But this does not assure the desired increased output as it is dependent 

solely on insolation and shedding effect. ii) by using thin film solar cell and high-efficiency 

crystalline cell. The output is dependent on operating point, temperature, irradiance level, minority 

carrier lifetime etc. [2]. iii)by using buck-boost or derived buck-boost converter to achieve required 

regulated output. [3].  

This paper deals with the selection of d.c. to d.c. converter for achieving regulated power output with 

allowable ripple. 

 

2. Solar Based System and It’s Applications 

Solar photovoltaic is an active transducer and acts as a dc power source in large scale for various 

solarinsolations. 
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Fig.1 shows solar photovoltaic cell acting as a constant current source at a particular time and 

location. It behaves as a constant current source. The current source is dependent on many factors 

such as series and shunt resistance as well as their respective capacitances. 
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Fig.1 Equivalent circuit of a solar cell. 
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Fig. 2 Photovoltaic I-V characteristics 

Fig. 2.  shows the I-V characteristic under different insolation conditions. It is seen that current 

output of the cell is directly proportional to insolation. To regularize the output,d.c. to d.c. converter 

is to be used. The block diagram of interconnection of stand-alone solar photovoltaic system is 

shown in fig.3.  

Converter DC Load

 
Fig. 3 Block diagram of stand-alone solar photovoltaic system. 

Conventional solar system is formed by series of parallel combination and this output is given to 

power circuit. Major issue is faced with the performance of the system and reliability of the system. 

To overcome this difficulty single module is preferred over such combination.The converter is 

required to regulate the solar PV output. Variety of converters like buck, boost, buck-boost and their 

derived topologies.  

The main advantage of using d.c. load is that number of stages involved up to the load are reduced, 

hence the losses are reduced and efficiency of the system improves. 
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 In order to improve the performance of the system it is necessary to isolate the output of solar panel 

from d.c.to d.c. converter.This can be implemented using capacitive  filter as an interface. 

Detailed diagram of solar photovoltaic system with capacitive  filter is shown in fig.4. This is one of 

the effective mitigation method.EMI filters blocks the frequencies which are higher than cutoff and 

thus minimized system interference. 
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Fig.4 Solar PV system with EMI filter 

Capacitive filter works as a low pass filter whose cutoff frequency is decided by capacitance offered 

by terminals of solar panel and operating frequency of the converter. The precaution is to be taken to 

avoid resonant condition. 

 

3. Converters for Solar Photo-voltaic  
Basic dc-dc converters available are buck, boost and buck-boost. The derived topology of buck-boost 

consist of SEPIC converter. All the converters are compared for the regulated output by considering 

the output of 7 volts on the basis of ripple present in the output. 

3.1 Buck converter  

In buck converter the output voltage is directly proportional to the product of input voltage and duty 

cycle. The output of buck converter is shown in fig. 5. It has % ripple of 28%  in the output. 

 
Fig. 5 Output voltage of buck converter 

3.2 Boost converter  

The output voltage of boost converter is directly proportional to input voltage and inversely 

proportional to duty cycle. The output boost converter is shown in fig.6. It has % ripple of 56% in it.  

 
Fig. 6 Output voltage of boost converter 

3.3 Buck-Boost converter  
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Fig.7 Buck Boost converter for solar application 

The buck-boost topology is shown in fig.7 where the output of buck-boost chopper is maintained 

constant irrespective of variation in the input. This is achieved by corresponding changes in the duty 

cycle. While regulating the power flow, inductor plays a key role by storing energy when the switch 

is „ON‟ and delivers the same when the switch is „OFF‟. 

A case study is considered for a solar panel of 10W withinput voltage ranges during the day time 

from 10V to 15V. It is desired to maintain the output of 10V with output current in the range of 1A. 

In order to reduce the size and the cost, high switching frequency of 10 kHz is selected. This 

switching frequency is suitable for low as well as medium power applications.The system up-

gradation can be easily possible for selected operating frequency. 

The component are designed for the average duty cycle of 60%.The incomplete energy transfer is 

mode of conduction. By using continuous conduction mode and using area product method, the 

buck-boost inductor of 671.64 μHwith a ferrite core of EE 30/15/7 is selected. The value of output 

capacitor depends on the allowable output voltage ripple. By considering 1% variation in output 

voltage, output capacitor of 100 μF capacitance and 250V voltage withstanding capacity under dc 

frequency is chosen. 

 
Fig. 8 Output voltage of buck-boost converter 

The percentage ripple is shown in fig seen is 6.7% . 

To get more accurate output, a high inherent filtration is required. It is achieved by increasing 

number of energy storage elements. The best suited topologies for solar applications are derived 

buck-boost. Among all derived buck-boost, Single ended primary inductor converter, SEPIC is more 

effective due to fourth order filtration converter with non-inverting output. 

3.4 SEPIC converter  

SEPIC converter are mainly classified into two types based on the magnetic isolation namely non-

isolated and isolated SEPIC. The single ended inductor,the load side inductor can be magnetically 

coupled to input inductor. Fig.9 shows isolated SEPIC converter in which the source and coupling 

capacitor charge both inductors when switch is „ON‟. On the other hand, charged inductors supply 

energy to the load and coupling capacitor when the controlled switch if „off‟. The coupling capacitor 

plays critical role in this converter with bidirectional charging and discharging. So this capacitor is 

non-electrolytic capacitor. 
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Fig.9 SEPIC converter for solar application 

For the case study,SEPIC converter is considered and its components are designed.In order to 

maintain constant output, the duty cycle range is selected with therange of accepted variation in the 

input. Maximum input voltage is used to determine minimum duty cycle while minimum input 

voltage is required to get maximum duty cycle. With all considerations, the duty cycle range is 

41.6% to 51.6%. Operating value of duty cycle will be any value in the range and is decided on the 

basis of instantaneous value of input voltage. 

Continuous conduction mode (CCM)of energy transfer is the operating method where it is 

discharging should be less than the stored energy. In this case it is considered to be four fifth of total 

energy. Due to the charging and discharging of inductor, thereare  ripples in the inductor current. 

Change in current of both inductors should be such that system works in CCM mode. Here the 

maximum percentage ripple is considered near to 42%. Both inductors are dependent on Faradays 

law of electromagnetic induction and calculated values are 22.7mH each. The change in inductor 

ripple is used to estimate peak inductor as well as peak switch current. The calculated values of 

inductor current and switch current are 0.86A and 2.06A respectively. 

Coupling capacitor is  non-electrolytic in nature. The   current of coupling capacitor is measured in 

rms values due to bidirectional charging and discharging. It depends on expected output voltage, 

output current and input voltage. The estimated value of capacitor current is 0.8A. The allowable 

output voltage ripple is 1% which used to get output capacitor of 516 μF. 

 
Fig 10 SEPIC converter frequency response 

The output voltage ripple in case of SEPIC is less than 1%.  

To minimize this ripple further for getting smooth output voltage , additional C filter is introduced at 

the input side of the chopper. This works as a EMI filter. 

 
Fig.11Frequency spectrum for filter selection with input capacitor 
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CONCLUSION 

Solar is the most feasible solution for stand-alone system. Since solar insolation is not remaining 

constant, the converter selection plays a significant role to maintain the regulated output. When the 

order of converter increases the inherent filtration is improved. It is observed that the ripple in the 

voltage is more in case of buck and boost converters 28% and 56% respectively whereas in buck –

boost it is reduced to 6.7%. The main advantage for solar PV is that irrespective of insolation the 

output can  be regulated with the help of wide range of duty cycle. Further the SEPIC converter 

which is derived topology of buck-boost converter is most suitable one for the stand alone solar PV 

application as it gives less than 1% ripple in the output. It is observed that further reduction in ripple 

with C filter is achieved. This filter works as EMI filter on input side. For further reduction in ripple 

in the output, the switching frequency of the converter system is to be targeted.  
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