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Abstract- In this paper, we present simulation and experimental results of an autonomous power system for supplying 

renewable energy applications with solar batteries. This system is based on the use of a multi-branch DC/DC Boost converter, 

where the power switches are controlled by a digital controller that generates a PWM signal of frequency 20 kHz and duty 

cycle α. The electrical energy, produced by the photovoltaic (PV) panels, is stored in the batteries (24V, 520Ah) and then 

transferred to the load through the DC/DC converter. The experimental results obtained in the case of heating a solar cooker 

(oven box), heated by two thermal resistors of 15 Ω, using a DC/DC Boost converter, with three branches, show an electrical 

power of 300 W and duty cycle =0.7: currents of the branches of 5.3A, voltage and current of the battery of 21.82 V and 15.9 

A, output of a DC/DC Boost converter of 70.4 V and 4.2 A. Under these conditions, the efficiency of the DC/DC converter is 

about 90 %, the energy supplied by the batteries is 558.33 Wh (i.e., 4.4 % of the battery charge), and the heating thermal 

resistors temperature reaches the value of 636°C after 5 minutes of heating, and the temperature inside the cooker 140°C after 

40 minutes of heating.  The comparison of all the results obtained with those simulated and those needed by users for cooking 

shows a very good agreement and consequently the validity of the functioning of the power system, of supply by solar 

batteries, proposed during this work.    

Keywords Solar Batteries, Multi-branch DC/DC Boost, Solar Cooking, Oven Box, 

 

1. Introduction 

Solar photovoltaic power generation is the fastest 

growing source of energy production in the world [1,2]. This 

is a result of the significant reduction in the cost of solar 

photovoltaic energy over the past decade [3-6]. The energy 

produced by photovoltaic installations is stored in solar 

batteries to power various domestic applications (solar 

cookers, refrigerators, lighting, ...) [4-11]. However, these 

applications encounter problems with the adaptation of DC 

loads to solar batteries, and optimal operation of these loads  

[7-9, 15, 16, 17-20]. Generally, in the literature, we find AC 

applications powered by solar batteries using DC/AC 

converters (inverters) [7,8]. This type of installation 

decreases the operating performance of the AC loads and 

presents a very excessive cost. In practice, in the case of DC 

load applications [12-20], there is a lack of work on systems 

that feed DC loads from batteries, through DC/DC 

converters, of the Boost or Buck type. 

Several works [18-20] were carried out in the literature 

on solar ovens and cookers powered by solar energy. 

Currently, the existing solar cookers/ovens and most used 

are: 
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- The box-type solar PV cooker powered by a 60 Ah battery 

heats the water by 30°C to its boiling point of 100°C, after 

105 minutes [18]. 

- Solar PV-T cooker is formed mainly by the photovoltaic 

panel and a parabolic reflector [19]. The concentrator 

makes it possible to concentrate the sun's rays and heat an 

absorbent plate placed inside the box oven.   Electric 

heating is carried out by the direct supply of the cookers by 

the electrical energy stored in the batteries. The functioning 

of the cooker shows that the maximum temperature reached 

is of the order of 160 ° C during 4 h 10 min of operation, 

- A PV cooker, consisting of two PV panels (460 W peak), 

two DC/DC converters type Boost, and thermal resistance 

of 14 Ω [20]. The operation of this cooker, under a 

maximum solar irradiance and ambient temperature of 730 

W/m2 and 24 ° C, shows temperatures of the heating 

resistance and that of the heated oil respectively of 580 ° C 

and 265 ° C, after 30 minutes of operation. 

All of this work shows that in the literature there are very 

few applications that supply solar ovens with batteries. These 

applications do not use DC/DC converters controlled by 

PWM signals [20]. Consequently, the electrical power 

supplied to the ovens is very low and does not allow the 

ovens to be heated to a suitable cooking temperature 

(>100°C). 

The objective of these works [10, 15, 18] is to carry out 

the cooking during the day and to store the surplus of electric 

energy in the batteries for the cooking, during the bad sunny 

periods and the nights [15-18]. These works [9, 13-20] show 

a total lack of DC power system (DC/DC converter) adapted 

to the heating of cookers (thermal resistances) by solar 

batteries.  

In this context, we propose within the framework of 

national and international projects, the reliability of DC 

applications, powered by photovoltaic panels and solar 

batteries, using specific DC/DC converters. These 

realizations are adapted to each application (cookers, 

refrigerators, air conditioning, ...), according to the needs of 

the citizens.  

In this work, we propose the design and the realization 

of a DC/DC converter, allowing the supply of solar cookers 

(oven box) by solar batteries. After having described the 

structure of this autonomous 300-400 W power system, we 

analyse the sizing of the three-branch Boost type DC/DC 

converter, equipped with an electronic regulation and control 

block, allowing the heating of the type cookers boxes by 

solar batteries (24 V, 520 Ah). Then, we present the results 

of the simulation and experimentation of the proposed 

system. Particular attention is attached to:   

• The electrical quantities (voltage, current, and power) of 

the proposed DC/DC converter, and thermal quantities 

(cooker heating), depending on the duty cycle of the PWM 

commands of the power switches, of the DC/DC converter, 

• Transfers the maximum power supplied by the batteries to 

the thermal resistance of the cooker (oven box), 

• Validation of the proposed technique for cooker heating 

applications. 

2. Structure and Operation of the Power System 

Powered by Solar Batteries 

2.1. System Structure 

Fig. 1 represents the synoptic diagram of the autonomous 

system, making it possible to supply a DC load by the solar 

batteries and a DC/DC converter of the multi-branch Boost 

type. As part of our work, the load is an application of 

renewable energies with a power of 400 W, formed by a box-

type solar cooker, heated by two thermal resistors. The 

different blocks of this system are made up of the following 

equipment:  

✓ Photovoltaic panels (400 W) whose role is to supply 

electrical energy and store it in the solar batteries, via a 

charge/discharge regulator. 

✓ Solar batteries (24 V/520 Ah) which supply electrical 

energy to the multi-branch DC/DC Boot converter. 

✓ Boost-type DC/DC converter with three branches (Fig. 

2), for which the power switches are controlled by three 

identical PWM signals, with frequencies of 20 kHz and 

duty cycles α. The role of this BOOST converter is to 

raise the 24 V DC voltage of the battery to a DC voltage 

of 67 V, under a power of 400 W. 

✓ PWM control block generates 3 PWM signals to operate 

the three power switches (T1, T2, T3) of the DC/DC 

Boost converter in non-linear mode [20]. It is formed by 

a ‘Raspberry Pi Pico’ microcontroller and analog and 

digital components, passive and active. All active 

components used are biased by 5 V and 12 V voltages, 

from the solar battery. 

✓ Application, formed by a cooker (Oven box) heated by 

two thermal resistances, supporting a temperature of 

1400°C and a power of 600 W. These resistances are 

characterized by a longer lifespan (more than 15 years). 

 

 

 

 

 

 

 

Fig. 1: Synoptic diagram of the autonomous system, 

allowing a DC load to be supplied by the solar batteries and a 

DC/DC converter of the multistage Boost type. 
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2.2. Dimensioning and Operation of the DC/DC Converter 

The objective of the work carried out in our projects is to 

propose a power supply system for DC loads, by solar 

batteries (24V/520 Ah) at a power of 500-600 W. To do this, 

the DC/DC converter (Fig. 2) is dimensioned to operate at a 

frequency of 20 kHz, a current IB= 15 A, a current ripple in 

the inductors iL= 5 A, and voltage ripples at the input Ve 

= 1 V and at the output Vs= 2 V. Under these conditions, 

we use power switches of the MOSFET type, Inductors of 

each branch of 100 µH, Input capacity of 1000 µF, and 

output capacitance of 1000µF.  

Furthermore, for each branch of this DC/DC converter (Fig. 

2), the average of the electrical output values (Vs, Isi, 

i=1,2,3) and input (Ve, ILi, i=1.2,3), as well as the ripple of 

the current (iLi) and of the voltages at the output and at the 

input (Ve, Vs), obey the following equations [20-22] :  
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We can deduce, 
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3. Simulation Results 

The proposed system of the DC/DC converter and these 

control blocks of Fig. 2 are implemented in the Pspice 

simulator in order to follow the operation of the DC/DC 

converter and to record the electrical quantities (voltage, 

current, and power) at the input and at the output of this 

converter. In this paragraph, we present the typical 

simulation results obtained. 
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Fig. 2: Structure of the three-branches DC/DC converter and its control. 
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3.1. Operation as a Function of Thermal Resistance and 

Duty Cycle. 

In Fig. 3 we have plotted the different electrical quantities 

(Fig. 2) at the input (IBat, PBb) and at and output (VS, IS, PS) 

and the efficiency of the DC/DC converter as a function of 

the duty cycle α, for different values of the load (5 Ω, 10 Ω, 

15 Ω, 20 Ω, 25 Ω). The battery voltage is constant and of the 

order of 24 V. The overall results obtained show: 

✓ For a duty cycle varies from 0.1 to 0.3, when the 

resistor varies from 5 Ω to 25 Ω, the currents in the 

branches (inductances) are 3.16 A, the voltages and 

output powers are 33 V and 220 W, whose maximum 

efficiency is of the order of 98% is obtained for a duty 

cycle of 0.1 . 

✓ From a duty cycle of 0.5, the currents of the branches 

and power at the input and output increase. In the case 

of a resistance of 5 Ω and a duty cycle of 0.5, they are  

6.16 A, 443.52 W, and 428.28 W, i.e. efficiency of 97 

%. 

✓ When the duty cycle varies from 0.4 to 0.5, in the 

case of a 15 Ω resistor, the currents in the branches 

(inductors) vary from 1.43 A to 2.10 A, the output 

voltages and powers vary from 38.95 V to 46.84 V, 

and 99.71 W to 144.27, the input power varies from 

102.96 W to 151.20 W, i.e. a maximum efficiency of 

95 %. 

✓ In the case of a duty cycle of 0.7 and a resistance of 

15 Ω:  

- The currents in the branches and output of the 

DC/DC converter are respectively 5.06 A and 

4.8 A.  

- The output voltage and current of the DC/DC 

Converter are around 73 V and 4.8 A.  

- The input and output powers are of the order of 

364.5W and 350.4 W, i.e. efficiency of the 

order of 96 %. 

The analysis of these simulation results allows us to conclude 

that for our power application, which allows heating a cooker 

(oven box with 15 Ω thermal resistance) at a heating power 

of 350 W, the duty cycle of the PWM signals of the DC/DC 

converter DC is of the order of α=0.7. Under these 

conditions, the input and output currents and voltage, and 

efficiency of the DC/DC converter are respectively of the 

order of 15.19 A, 24 V, 4.8 A, 73 V, and 96 %. 
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Fig. 3:  Variation of electrical quantities as a function of the 

resistance Rch.  

A: Variation of currents IBat, 

B: Variation of currents IL1, 

C: Variation of IS currents, 

D: Variation of voltage VS, 

E: Variation of Power PB, 

F: Variation of Power PS, 

G: Efficiency variation. 

 

 

4. Experimentation of the Multi-branch DC/DC 

Converter Powered by Batteries 

4.1. Experimental Procedure 

Fig. 4 represents the power system, allowing the supply of a 

DC load to a solar battery by a multibranch DC/DC 

converter, and the measurement bench set up to characterize 

this system. As shown in Fig. 4, we used the following 

equipment:  

✓ photovoltaic panels (400 W), whose role is to supply 

electrical energy and store it in the solar batteries, via 

a charge/discharge regulator,  

✓ A solar battery 24V/520 Ah, whose role is to supply 

the DC/DC converter of the multi-branch Boost type, 

with a continuous voltage of 24 V and variable 

currents of intensity less than 30 A, depending on the 

value of the thermal resistance RTherm of the 

application (Oven box), 

✓ A DC/DC Boost converter, with three identical 

branches and input and output capacitors (Ce=1000 

µF and Cs= 1000 µF). Each branch is formed by an 

inductance (L= 100 µH), switches (MOSFET 

IRF540N), and a fast diode (Schottky). This structure 

makes it possible to limit the strong currents which 

circulate in the inductors following the strong current 

delivered by the battery. This converter is sized so 

that it operates at a power of 300 W, in continuous 

mode, at a frequency of 20 kHz, input voltage of 24 

V, output voltage Vs of 70 V, output current IS=5 A, 

inductance current ripples iL=1.5A [20].  

✓ A digital control of the DC/DC converter, which 

provides three identical PWM signals to control the 

three switches (T1, T2, and T3) in non-linear mode, 

by a PWM signal with a frequency of 20 kHz and a 

duty cycle α=0.7. This command is based on the use 

of the Microcontroller 'Raspberry Pi Pico' and a block 

of three IR2111 drivers, to adapt the PWM signals 

and the input of the power switches.  

✓ Load formed by cooker (Oven box, dimension: 

64cm:43cm:36cm), heated by two thermal resistances, 

supporting a temperature of 1400°C, a power of 600 

W. 
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4.2.  Experimental Results 

4.2.1. Operation of the Multi-branch DC/DC Converter 

In order to validate experimentally the DC/DC converter 

powered by the solar battery (24V/520Ah), for a load (15 Ω 

heating resistor), we noted the different electrical quantities 

(currents (IL1, IB, IS), voltages outputs (VB and VS), power, 

efficiency) depending on the duty cycle α, which varies from 

0.1 to 0.7. On the same plots, we reported the simulation 

results. Typical results obtained, shown in  Fig. 5, show as 

the duty cycle increase:  

✓ When the duty cycle varies from 0.1 to 0.3, the currents 

in the branches (inductors) vary from 0.6 A to 1.03 A, the 

output voltages and powers vary from 25.86 V to 33.02 V 

and from 41.37 W to 66.04 W and a power input varies 

from 44.73 W to 75.33 W, i.e. a maximum efficiency of 

92 %, 

✓ From a duty cycle of 0.4 the currents of the branches and 

power at the input and output increase in a remarkable 

way. In the case of a resistance of 15 Ω, they are of the 

order of 1.43 A, 102.44 W, and 87.07 W, i.e. efficiency 

of 84 %. 

✓ When the duty cycle varies from 0.5 to 0.6, in the case of 

a 15 Ω resistor, the currents in the branches (inductors)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

vary from 2 to 2.96 A, the output voltages and powers 

vary from 43.99 V to 52.09 V and from 118.77 W to 

161.29 W, an input power varies from 138.36 W to 

195.18 W, i.e. a maximum efficiency of 85 %.  

 

✓ When the duty cycle α=0.7: 

• The voltages and currents at the input of the converter 

are respectively of the order of 21.82 V, 15.9 A, and 

at the output of the order of 70.4 V and 4.2 A.  

• The power at the input and output of the DC/DC 

converter are respectively of the order of 346.93 W 

and 295.68 W, i.e. efficiency of 85.2 %, The 

maximum temperature of the heating resistor is 

around 640°C. 

✓ A very good agreement between the experimental results 

and those obtained by the simulation. 

 

The experimental results obtained in this section show 

better performance of the proposed power system (Fig. 1) for 

a duty cycle of 0.7. Under these conditions, the power of the 

system of 300 W is in accordance with our specifications the 

temperature that feeds the thermal resistor at a temperature of 

640°C. The good agreement between the experimental and 

simulated results of paragraph III shows the good operation 

of the three-branch DC/DC converter (Fig. 4) proposed in 

this work. 

Fig. 4: Power system proposed in this work (Fig. 1) and measurement bench allowing the test of the system. 
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4.2.2. Application Powering a 'Box Oven' Cooker 

In order to validate the operation of the power system 

(Fig. 4), we experimented with the supply of a cooker (Oven 

Box) by the battery (24V, 520 Ah) and the three branches 

DC/DC converter, designed during this work (Fig. 6), for a 

duty cycle α=0.7. We noted, as previously, the various 

electrical quantities at the input and output of the DC/DC 

converter as well as the heating temperatures of the two 

thermal resistors used, and those in the box Oven. The results 

obtained show: 

 

o The voltages and currents at the input of the converter 

are respectively around 21 V and 15.9 A, and at the 

output around 66.8 V and 4.3 A. 

o The power at the input and output of the converter are 

respectively of the order of 287.24 W and 333.9 W, i.e. 

efficiency of 86%, 

o The maximum temperature of the thermal resistance is 

of the order of 618°C and those of level inside the oven 

vary respectively from bottom to top from 130°C to 

142°C, 

o The electrical energy supplied by the battery and that of 

the heating are respectively of the order of 648.34 Wh 

and 558.33 Wh. 

o The capacity of the battery consumed during this 

heating is of the order of 27 Ah (i.e. a reduction of 4 % 

in the level of charge or in the total electrical energy of 

the battery). 

In terms of power and performance of the system, the 

results obtained during this box oven heating test experiment 

confirm the results obtained during simulation, and on the 

other hand, show the best performance of the proposed 

system for a duty cycle of 0.7. The obtained temperature of 

thermal resistors and in the ovens are 618°C and 140°C for 

the power of 300 W. These temperatures are very satisfactory 

for such cooking (bread, meat, chicken, etc.), and show the 

feasibility and proper functioning of the proposed standalone 

system (Fig. 4), based on the three-branches DC/DC 

converter Boost, to cooking with solar batteries.  
 
The results obtained on this proposed system are very 

encouraging when compared to those obtained in the 

literature for photovoltaic energy [20, 22]. The proposed 

DC/DC converter and its digital control make it possible to 

supply the solar ovens with current levels, and therefore 

electrical power suitable for the solar box (>100°C). In 

addition, the good efficiency of the proposed DC/DC 

converter (> 90%) testifies to the feasibility of the proposed 

technique and its integration into a photovoltaic system for 

heating autonomous solar ovens with photovoltaic energy. 
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Fig. 6 :  Electrical quantities, experimental and simulated 

(A to D), at the input and at the output of the complete 

system. 

A- Input and output voltage, 

B- Current at the input and at the output, 

C- Converter input and output power, 

D- Efficiency of the converter, 

E- Battery level, 

F- Energy supplied by the batteries, energy consumed by 

the thermal resistance during heating and Capacity supplied 

by the batteries, 

G- Oven temperatures (Top and medium). 

5. Conclusion 

In this paper, we presented the results of simulation and 

experimentation of a new technique for powering solar 

cookers with batteries (24V DC, 520Ah). This is based on 

the use of the three-branch BOOST DC/DC converter, 

controlled by three PWM signals with a frequency of 20 kHz 

and a duty cycle of 0.7. The results obtained show: 

- From the system simulation results, depending on the duty 

cycle and the load, heating power of 350W is obtained for a 

duty cycle α=0.7 and a load of 15Ω. Under these 

conditions, the output power is 350.4 W and therefore 

efficiency of 96%. 

- From the experimentation of the system for a duty cycle of 

α=0.7, voltages and currents at the input of the converter of 

21.82 V, 15.9 A, the output of 70.4 V and 4.2 A, and the 

power at the input and output of the converter of 346.93 W 

and 295.68 W. The efficiency of the power system is 

therefore of the order of 85.2 %, 

- Experimentation of the DC Four box type application, for a 

duty cycle of 0.7, input and output voltages of 21 V and 

66.8 V, input and output powers of 333.9 W and 287.24 W, 

resistance and mid-furnace temperatures of 640°C and 

140°C. During operation, the efficiency of the DC/DC 

converter is 86-90% and the energy supplied by the 

batteries for heating is 558.33 Wh (i.e., 4.4% of the total 

battery charge). 

All the results obtained show a very good agreement between 

the simulation and the experiment, remarkable performance 

for a duty cycle of 0.7, where the efficiency of the proposed 

DC/DC converter is about 90%, oven heating temperature of 

140°C, and the electric energy consumed during the heating 

of 4.4 % of batteries. These performances show both the 

proper functioning of the proposed power system and the DC 

application of heating by the solar batteries. 
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