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ABSTRACT 

 
In this chapter, we present the structure, the dimensioning and the 
experimentation of a power system that allows supplying, through solar batteries, 
the DC equipment with photovoltaic renewable energies (Cookers, distillers, 
refrigerators, dryers, ...). The proposed system is based on the use of a multi-cell 
DC/DC converter of Boost type, controlled by a Microcontroller, which generates 
PWM signals of frequency 20 kHz and variable α duty cycle. The electrical 
energy, produced by the photovoltaic panels (600 W), is stored in the solar 
batteries (24V, 520 Ah) and then transferred to the application through the 
proposed DC/DC converter. During experimentation the system for cooking fries 
(by Hot plate cooker), shows a DC/DC converter efficiency of 84%, the maximum 
temperatures of the heating resistance and that of oil are respectively of the 
order of 640°C and 230°C, oil temperature reaches 100°C after 6 minutes of 
heating, or 16.67°C / min with a cooking time of the order of 20 minutes. The 
battery consumption capacity is about 28.72 Ah or 5.52% of the total battery 
capacity. 
The comparison of all the results obtained with those simulated and the 
economic analysis of the use of renewable energies stored in the batteries, show 
the good functioning and the validity of the power system, proposed in this work. 
  
Keywords: Photovoltaic panels; solar energy; multi-cellular boost converter; 

storage, batteries; cooking; solar cooker. 
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1. INTRODUCTION 
 
Rapid depletion of energy resources is becoming a crucial global problem due to 
rising energy consumption [1-6]. Energy-consuming domestic applications 
represent an important part of total energy consumption, especially for cooking 
applications [1,2]. The energy used for cooking plays an important role in the 
energy demand of residential buildings [1]. In the developing world, the majority 
of residential energy consumption is from cooking. In rural areas of sub-Saharan 
Africa, it is 90% to 100%, in developed countries, such as the United States, 
cooking represents 37% to 53% of total energy consumption [3]. 
 
Global demand for non-renewable energy sources is projected to exceed annual 
production, probably over the next two decades [4]. The emergency and global 
monetary and political clashes can also be triggered by oil or gas shortages. 
Also, the consumption of non-renewable energy sources releases dangerous 
emissions by creating environmental issues such as high CO₂ emissions and 

increased ambient temperature are the main concerns regarding burning fossil 
fuels [1,4-7]. 
 
With the global energy crisis of rapid depletion of fossil fuels [1,7], there is an 
urgent need to use renewable energy sources, especially in developing 
countries. Alternative energy sources have become a necessity, and solar 
energy technologies are very promising in this area [2,5]. Solar energy is a free, 
sustainable, green, and abundant heat source and one of the simplest, viable, 
and attractive options widely available in many parts of the world and their direct 
use for solar cooking does not generate pollution [8-10]. These benefits are 
expected to make solar cookers attractive to many people around the world, 
mainly in areas where people have difficulties accessing gas or electricity due to 
poverty or living in remote areas [5,8]. 
 
Solar cooking is considered one of the simplest, most viable, and attractive 
options for using solar energy instead of burning biomass for cooking in rural 
communities. The solar cooker a device that uses the energy of direct sunlight 
[1], i.e. the heat of the sun, to heat and cook food [9] is considered a green, safe, 
and environmentally friendly, environment and the most convenient way to cook 
food without consuming fuels, no recurring costs, high nutritional value of food, 
and high durability [9,11,12]. These devices help alleviate poverty and prevent 
disease for many human beings who do not have sufficient access to energy 
sources to cook meals. In countries with easy access to commercial energy 
sources, a larger-scale use of solar cooking is desirable as it would have a 
positive impact on reducing environmental problems [13]. There is a critical need 
for the development of alternative, appropriate and affordable cooking methods 
[14] for use in developing countries. 
 
Many models of solar cookers have been developed in the world [15-22], with 
different technologies, and different materials, most of the powerful long-life solar 
cookers are made with expensive materials [23]. In the case intermittent weather 
or sudden reduction in solar irradiance during sunshine hours, the concept of 
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energy storage is essential to compensate and stabilize the cooking process 
during the unexpected absence of solar radiation [9]. 
 
In this work, after describing the structure of the power system (Boost type 
DC/DC converter with three cells), equipped with an electronic block of regulation 
and controls heated by solar batteries (24 V, 520 Ah), we present the results of 
simulation, and experimentation of the proposed system. Particular attention is 
paid to the electrical quantities (voltage, current and power) of the proposed 
DC/DC converter, according to the duty cycles of the PWM controls of the power 
switches, the cells of the DC/DC converter, and the transfers of the maximum 
power supplied by the batteries to the thermal resistance of the hot plate cooker, 
and the validation of the proposed technique for heating applications. 
 

2. STRUCTURE AND FUNCTIONING OF THE GLOBAL SYSTEM 
 
The proposed system is based on the exploitation of the electrical energy stored 
in the solar batteries to heat the cookers (Hotplate and Oven Box), via a DC/DC 
Converter [24] with several cells, provided with a circuit control electronics, and 
heating resistors. As shown in Fig. 1 and Fig. 2, this system is formed by: 
 
 Photovoltaic panels whose power supplied depends on the application 

[25]. Their role is to generate electrical energy to charge the solar 
batteries via a charge/discharge regulator. 

 Solar batteries with capacity are dependent on the application. It provides 
electrical energy to supply thermal resistors, via power block and digital 
electronics. 

 Power block, formed by a DC/DC converter with several cells (3 cells). 
This structure makes it possible to limit the strong currents which circulate 
in the 3 inductors following the strong currents debited by the battery. This 
converter is sized and produced according to the needs of the users. It is 
formed by 3 inductors (L1, L2, L3) input and output capacitors, 3 power 
switches (MOSFET), and 3 power diodes. This converter is connected to a 
common 0V reference. 

 A digital electronic block whose role is to control the switches (T1, T2, T3) 
of the DC/DC converter, in non-linear mode, by 3 identical PWM 1 PWM2, 
and PWM 3 signals, with a frequency of 20 kHz and a variable duty cycle 
α. The digital circuit of this command is formed by a microcontroller 
(Raspberry Pi Pico) which generates the PWM signals, adapted to the 
input of the power switches by 3 Drivers (IR2111). This block allows: 

 
• The acquisition of all the physical quantities of the system, via current and 

voltage sensors: electrical quantities (voltages, currents, powers, 
efficiency), thermal (temperature of the resistance and firing). 

• Display all the physical quantities measured on an LCD display by acting 
on the rotary encoder 

• Application: hot plate cooker heated by thermal resistors supporting a 
temperature of 1400°C, a power of 800W, 
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Fig. 1. Synoptic diagram and intern diagrams of the autonomous system of 
the multistage Boost DC/DC converter. allowing to supply a DC load 

 

 
 

Fig. 2. Structure of the three-cells DC/DC converter and its control 
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3. DISCUSSION AND RESULTS 
 
3.1 Description of Measurement Equipment and the Experimental 

Procedure 
 

Fig. 3, represents the power system, allowing the supply of a DC load by a solar 
battery through a multistage DC/DC converter, and the measurement bench set 
up to characterize this system. As shown in Fig. 3, we used the following 
equipment: 
 

 Photovoltaic panels of 600 W, whose role is to provide electrical energy 
and store it in the solar batteries, via a charge/discharge controller, 

 A 24V/520 Ah solar battery, whose role is to supply the multistage Boost 
DC/DC converter, with a DC voltage of 24 V and variable currents of less 
than 30 A, depending on the value of the thermal resistance RTherm of the 
application (hot plate), 

 A DC/DC Boost converter, with three identical cells and input and output 
capacitors (Ce=1000 µF and Cs= 1000 µF). Each cell is formed by an 
inductor (L= 100 µH), switches (MOSFET IRF540N) and fast diode 
(Schottky). This structure makes it possible to limit the strong currents 
which circulate in the inductances following the strong current delivered by 
the battery.   This converter is dimensioned so that this one functions with 
a power of 300 W, in continuous mode, with a frequency of 20 kHz, input 
voltage of 24 V, output voltage Vs of 70 V, output current Is=5 A, 

 A digital control of the DC/DC converter, which provides three identical 
PWM signals to control the three switches (T1, T2, and T3) in a nonlinear 
regime, by a PWM signal of frequency 20 kHz of duty cycle α=0.7. This 
control is based on the use of the Microcontroller 'Raspberry Pi Pico' and 
a block of three drivers IR2111, to adapt the PWM signals and the input of 
the power switches. 

 

 
 

Fig. 3. Synoptic diagram of the autonomous system, allowing to feed a DC 
load by the solar batteries and a DC/DC converter of multi-cellular Boost 

type 
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 Load formed by a hot plate cooker, heated by two thermal resistances, 
supporting a temperature of 1400°C, a power of 600 W. 

 Power switches (ON/OFF) for the supply of the realized system. 
 

3.2 Experimental Validation without Load (Cooking) 
 

The system of the DC/DC converter and these control blocks of the Fig. 3 is 
implemented in the Pspice simulator in order to follow the operation of the 
DC/DC converter. In the following, we present the typical simulation results 
obtained. In Fig. 3 we have represented the battery voltage VBat and output VS 
for a duty cycle α=0.7. In Table 1 we have represented the comparison of 
different simulated and experimented electrical quantities at the input (Ib, Pb) and 
at and at the output (VS, IS, PS) and the efficiency of the DC/DC converter for a 
duty cycle α =0.7, for a load of 15 Ω where the battery voltage is constant and 
around 24 V. In the case of a duty cycle of 0.7 and a resistance of 15 Ω the 
results obtained show: 
 

 The currents in the cells and output of the DC/DC converter are 
respectively of the order of 5.06 A and 4.8 A. 

 The output voltage and current of the DC/DC converter are about 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 about 96%. 

 An excellent agreement between simulation and experiment 
 

From the analysis of these simulation results, we can conclude that for our power 
application, which involves heating a cooker (hot plate with 15Ω thermal 
resistance) at a heating power of 350W, the duty cycle of the PWM signals of the 
DC/DC converter is on the order of α=0.7. Under these conditions, the input and 
output currents and voltages, and the efficiency of the DC/DC converter are 
about 15.19 A, 24 V, 4.8 A, 73 V, and 96%, respectively. 
 

Table 1. Comparison between simulation results and experimental results 
 

Electrical quantities Simulation Experience 

Ibat (A) 15.19 15 
Vbat (V) 24 20.6 
IL1=IL2=IL3 (A) 5.06 5 
IS (A) 4.8 4,1 
VS (V) 73 65.6 
PS  (W) 350.4 266.5 
PBat  (W) 364.56 309 
Converter efficiency (%) 0,96 0,86 

 

3.3 Application with Load (Cooking Fries) 
 
In Fig. 4, we have represented the typical results obtained, in the case of cooking 
1 Kg of fries, by the electrical energy provided by the batteries. All the results 
obtained show: 
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 The voltages and currents at the input of the converter are respectively of 
the order of 22.5 V, 15.6 A, and at the output of the order of 70 V and 4.21 
A. 

 The input and output power of the converter are respectively of the order 
of 351W and 295 W, i.e. an efficiency of 84%, 

 The oil temperature reaches 100° C after 6 minutes of heating, or 16.67°C 
/ min, 

 The maximum temperatures of the heating resistance and that of oil are 
respectively about 640°C and 230°C. 

 When adding 1 kg of fries, the oil temperature decreases and reaches the 
value of 102°C.  Then, during the cooking process, the temperature 
gradually increases to 230°C after 15 minutes of cooking. 

 The cooking time is of the order of 20 minutes (Fig. 4). 

 The capacity of the battery consumed is of the order of 28.72 Ah, or 
5.52% of the total capacity of the batteries. 

 The energy supplied by the batteries and that of heating are respectively 
of the order of 647.36 Wh and 537.23Wh, i.e. consumption of 1.34% and 
1.47% of the total energy supplied by the battery. 

 A very good agreement between the experimental results and those 
obtained by the simulation. 
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Fig. 4. Experimental electrical quantities, at the input and at the output of 
the cooker (Fig. 3), in the case of cooking 1 kg of fries. 

A- Input and output voltages; 
B- Input and output currents; 
C- Converter input and output power; 
D- Efficiency of the converter; 
E- Energy supplied by the batteries, energy consumed by the thermal 

resistance during heating and Capacity supplied by the batteries; 
F- Temperature of thermal resistors and oil. 

 
The comparison of the operation of the cooker powered by solar batteries 
compared to cookers powered by photovoltaic panels [2-4,20] shows the 
identical operation in terms of power supply, temperature, and cooking time. We 
can therefore conclude the feasibility of the operation of the power system (Fig. 
3) proposed in this work, for an application using cookers. 
 

4. CONCLUSION 
 
In this chapter, we presented the results of the simulation and experimentation of 
a new technique for powering solar cookers using batteries (24V DC, 520Ah), by 
an adaptation stage based on the three-cells BOOST DC/DC converter, 
controlled by three PWM signals with a frequency of 20 kHz and a duty cycle of 
0.7. The obtained results show: 
 

 Simulation of system operation, depending on the duty cycle and the load, 
heating power of 350W at the output of the DC/DC Boost converter, 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%. 

 

 During experimentation the system for cooking fries, shows yields of the 
DC/DC converter of 84%, the maximum temperatures of the heating 
resistance and that of oil are respectively of the order of 640°C and 230°C, 
oil temperature reaches 100°C after 6 minutes of heating, or 16.67°C / min 
with a cooking time is about of 20 minutes. 
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 The experimental validation of these simulation results shows a good 
agreement. 

 
All the results obtained show, on one hand, a good agreement between the 
simulation and the experiment, remarkable performance for a duty cycle of 0.7, 
on other hand These performances demonstrate both the proper functioning of 
the power system and the DC application of heating cooker by solar batteries. 
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