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Abstract

In this paper, we propose the design and operation of solar cookers (hot plates and box ovens) using
photovoltaic energy. The electrical energy to feed the thermal resistances of these cookers is provided
by the photovoltaic (PV) panels, via a DC/DC power converter of Boost type equipped with a specific
electronic control. The typical experimental results, during the heating of one liter of water, show, for a
photovoltaic power of 600 Wp, a frequency of the DC/DC converters of 30 kHz, an illumination and an
ambient temperature of the order of 998 W/m?and 22°C, very satisfactory performances: powers at the
input and there at the output of the converter respectively of the order of 476. 8 W and 465.1 W (i.e. an
efficiency of 97 %), temperature of the thermal resistances of 660°C after 20 seconds, rise of the water
heating temperature from 24°C to 49°C after 5 minutes and boiling temperature of 98°C after 18 minutes
of heating.

All these results show the feasibility of operation of the proposed cooker and thus its use inside or
outside the homes for heating and daily cooking (water, meals,...).
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1. Introduction

Energy needs for cooking and heating are increasing globally; while conventional energy
resources are not only in limited supply but also the most polluting [1-10]. A survey revealed that
half of the world's population burns wood from forests to cook food and provide thermal
comfort. Thus, fifty percent of the world's population is exposed to indoor air pollution from
burning wood for cooking and heating [1]. The use of conventional energy sources therefore has
adverse effects on the environment and global warming. Currently, a lot of research on
renewable energy sources (solar,)) and the replacement of fossil fuels by these sources [4,5]. In
addition, the use of solar energy has become an urgent need for the clean and sustainable
development of the energy sector, globally [11]. Solar energy is freely and abundantly available
all year round and can be efficiently used to supply electrical or thermal energy to different types
of domestic and industrial applications [12-16]; solar cookers, desalination of subterranean and
sea water, solar drying,

In the case of household cooking, energy consumption has become increasingly important and
costly. This requires the development of alternative, appropriate and affordable cooking
methods with competitive costs, especially in developing countries [17]. The integration of solar
energy is therefore a practical, competitive, sustainable method of cooking that reduces
greenhouse gas emissions. Currently, a lot of research is being carried out on solar cookers in
order to propose equipment that can be adapted to the needs of the users [4-9]. The main works
concern box ovens [18-20] or concentration cookers [4,5] which are used outside the home. The
performance of these ovens is limited (temperature rise, efficiency) and their use requires the
intervention of users to orientate these cookers in relation to the sun. However, there is an
absence of autonomous solar cookers running on photovoltaic solar energy [8]. In this context,
we propose within the framework of national and international projects the development of
solar cookers with photovoltaic solar energy, adaptable to the needs of users outside and inside
homes in Africa and Europe.

In this work, we propose the design and testing of solar cookers (hot plate and box Oven)
operating on photovoltaic energy, with a power of 600 Wp. Particular attention is paid, during
the heating of a liter of water, 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, to the transfers of the power supplied by the photovoltaic panels to the thermal
resistor, and to the heating temperatures of these resistors and proposed ovens.

2. Structure and functioning of the system

Figure 1 shows the block diagram of the proposed panel-fed cooker system. This system is designed
to provide power and heat resistances at high temperature (1000°C). The different blocks of this
system are :

- PV panels with a total power of 600 Wp to produce PV energy and power the power block.

- APV panel of 50 Wp to supply the power board.
- Power box, control and command acquisition formed by :
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v Control, supervision and display board for the operation of the whole system. This board
is equipped with a continuous power supply circuit for all the active components of the
box.

v" Power block sized according to the power of use. It is formed by a DC/DC converter,

whose power switches are controlled by an electrical circuit that provides PWM signals

of frequency f and duty cycle a. These PWM signals regulate the electrical power
supplied by the PV panels and therefore the temperature of the cookers, playing on the

duty cycle a.

Electronic relay for system start/stop, controlled by the control board.

ON/OFF button to start/stop the system operation. This button connects/disconnects

the PV panels.

v/ LCD display that shows, by acting on the rotary encoder, the operating mode, electrical

values of the DC/DC converter (voltages, currents, powers, yields, a duty cycle).

Inputs intended for the connections of the two types of PV panels (2*300Wp, 1*50Wp).

Cookers :

» Hot plate: Heated by a thermal resistor of value 15 Q by operating a switch,
dimensions (length 50 cm, width 32 cm),

=  Box Oven heated by two resistors housed inside the oven: one at the bottom and
one at the top. During the operation we activate either the bottom one or the top
one.

ANIRN

ANIAN

Power electronic command
and control box Box Oven

Hot plates

Electronic block \

Digital circuit

Encoder

.

Fig. 1. synoptic diagram of the cooker (hot plate and box oven), powered by photovoltaic panels.
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3. Results and discussions

3.1. Description of the experimental procedure and measurement equipment

The complete system for powering the cookers through the photovoltaic (PV) panels is shown

in Figure 2. This system has the following specifications:

- Heating of the cookers (Hot Plate and Box Oven) by photovoltaic panels energy,
- Power block is formed by a synchronous DC/DC converter of BOOST type, operating at a
frequency of 30 kHz and a power of 500-600 W.
- Electronic control block is formed by a Microcontroller, to perform the tasks:
v" Generation of PWM signal according to the operating mode (Automatic),
v' Automatic variation of Duty cylcle a,
v" Acquisition of electrical quantities (Duty cycles, voltages, currents, powers and
yields) and display on LCD and computer screen.

- Hot Plate and Box Oven heated by two thermal resistances supporting a temperature of
1000°C, a power of 800 W. A resistance is a metal wire, 90 cm long, curled and mounted on a
circular ceramic plate.

- The meteorological quantities (lllumination and ambient temperature) are taken by the
meteorological station set up in the laboratory,
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Fig. 2 : Synoptic diagram of the proposed cooker (Hot plate and box oven).

3.2. Experimental results

We experimented the system proposed in figure 2 for the heating of one liter of water. For each
5 minutes, we measured the electrical values at the inlet and outlet of the system. The typical
results obtained, during a sunny day represented in figure 3, show:
e The illuminance and the ambient temperature reach respectively the maximum
values of the order of 998W/m? and 22°C.
e The voltages and currents at the input of the converter are respectively of the
order of 52.4 V and 9.1 A, and at the output of the order 96.9 V and 4.8 A.
e The powers at the input and there at the output of the converter are respectively
of the order of 476.8 W and 465.1 W, i.e. an efficiency of 97%.
e The temperature of the thermal resistor reaches the value of 300°C after 5
seconds of heating (i.e. 60°C/s) and the maximum value reached of 660°C after 20

seconds.
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e During 5 minutes of heating, the water temperature varies from 24°C to 49°C, i.e.
3.8°C/min. In this case, the thermal efficiency is about 75%.

e After 18 minutes of heating, the water reaches the maximum boiling temperature,

which is 98°C.
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Fig.3 : Experimentation of the cooker (hot plate) (Figure 2) while heating one
liter of water.
A : Display of the acquired quantities on LCD and computer screen.
B : lllumination and external temperature,
C : Duty cycle of the DC/DC converter,
D : Input and output voltage of the DC/DC converter
E : Input and output current of the DC/DC converter
F: Power of the photovoltaic generator and the heating resistor
G: Efficiency of the DC/DC converter
H: Temperature of the heating resistor and water
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4. Conclusion

In this paper, we have presented the design and experimental results of a new technique of powering
hot plates and solar ovens with photovoltaic panels, with a power of 600 Wp, through a DC/DC BOOST
converter, equipped with a digital PWM control. The experimentation of the proposed cooker by
heating one liter of water shows its feasibility and thus its use inside or outside homes: converter
efficiency of 97 %, heating temperature rise time of 3.8°C/min, boiling temperature (98°C) after 18
min of heating and thermal efficiency of 75%.

In perspective this work is continued, within the framework of the projects engaged by the team, in
order to propose solar cookers functioning at a power of the photovoltaic panels of 1.2 kWp.
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