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Abstract 

Solar energy is commonly recognized as a plentiful and ecologically friendly 
source of energy. This type of energy plays a crucial role in protecting the 
environment by reducing the increase of carbon emissions and air pollution. This 
study aims to evaluate the effectiveness and feasibility of a portable stove that 
operates using a combination of photovoltaic and thermoelectric generators (PV-
TEG). This work utilizes a combination of experimental techniques and 
theoretical mathematical analysis. The experiment was carried out under full 
sunlight, with the sun's rays striking the surface of the solar panel at a 90-degree 
angle. During a continuous 30-day period, data was collected systematically 
within the geographical boundaries of Merauke Regency, which is situated in the 
province of Papua, Indonesia. The data collection started at 08:00 and ended at 
15:00 WIT. The test results reveal that the average solar radiation value produced 
is 728.33 W/m2. Furthermore, the photovoltaic (PV) system has an average power 
output of 283.73 W, the thermoelectric generator (TEG) has an average power of 
0.974 W, and the battery's charge rate is 235.97 W. 
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1. Introduction 
Solar energy has been researched [1-6]. One of the utilization of solar energies is 
solar thermal energy. Solar thermal energy can be harnessed for diverse purposes, 
including drying, air heating, and cooking [7-11]. Cooking stoves are essential 
appliances in houses, acting as the main method for preparing food. Nevertheless, 
the extensive pursuit of implementing stoves powered by renewable energy sources 
has not yet been widely undertaken [12]. The photovoltaic and thermoelectric 
generators (PV-TEG) Hybrid Portable Stove is a stove that harnesses solar energy 
as a renewable energy source. The main components consist of an electric stove, a 
photovoltaic (PV) system, and a thermoelectric generator (TEG). The integration 
of PV and TEG technologies has been developed to efficiently convert incoming 
light and heat energy into electrical power [13]. PV systems can harness solar 
radiation [14-18], but it is crucial to understand that not all absorbed solar radiation 
can be efficiently converted into electrical energy. Some of it is lost as waste heat. 
This waste heat can be utilized by employing TEG to generate additional electrical 
energy [19-21]. 

Extensive study has been carried out in the field of combined PV-TEG 
technology, including both theoretical [22-24] and practical [25-27] techniques, to 
observe the best possible performance of PV and TEG systems. However, the 
utilization of this method on electric stoves has been significantly restricted. The 
need for additional equipment, such as charging controllers, BTUs, batteries, and 
inverters, arises due to the inherent unpredictability of the intensity of sunlight. The 
Portable Hybrid PV-TEG electricity Stove primarily harnesses solar energy for 
electricity generation. The energy is subsequently allocated to a charging 
controller, inverter, and battery, yielding a portable device that is conveniently 
transportable and suitable for both indoor and outdoor use. 

This research project aims to develop a Portable Hybrid PV-TEG Tandem Stove 
Technology that offers a significantly efficient and sustainable alternative to 
traditional stoves. This objective us accomplished by employing a methodical 
approach that encompasses completing an exhaustive examination of current 
literature, scrutinizing pertinent technologies, and formulating experiments for 
testing. This technology has been specifically engineered to prioritize the 
characteristics of portability, disassembly, and flexibility, rendering it suitable for 
use in both indoor and outdoor settings. This idea focuses on the underexplored 
field of portable solar cookers, providing an ecologically sustainable substitute for 
traditional stoves. 

2. Literature Review 
Solar energy is an unlimited energy source that is constantly being improved to meet 
future energy needs [28]. The generated light and heat can be utilized for everyday 
necessities [29]. The Merauke Regency Renewable Energy has the potential to be 
utilized to fulfil daily energy needs. The monthly average irradiation of solar energy 
is 5.38 kWh/m2/day, with a peak value of 6.43 kWh/m2/day occurring in October 
annually [30]. Solar thermal energy is used in drying, water heating, and cooking. 
Stoves are an essential requirement for cooking in households, however, the 
utilization of solar-powered stoves has not been extensively advanced. Historically, 
kerosene and gas have been the primary sources of energy utilized for culinary 
purposes [31-33]. Nevertheless, acquiring these two energy sources has become 
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progressively challenging, and their costs persistently rise. They have conducted 
numerous experiments [34-36] on solar cookers, utilizing parabolic collectors to 
capture and reflect thermal energy. Nevertheless, the drawback of utilizing a 
parabolic model is that it necessitates outdoor usage and direct exposure to sunlight, 
requiring the removal and insertion of the cooking equipment.  

The Portable Hybrid PV-TEG burner is a cutting-edge version of solar-powered 
stoves that combines an electric burner with a PV system and a TEG. PV and TEG 
devices are designed to convert light and heat, respectively, into electrical energy. 
PV systems can capture approximately 80% of solar radiation. Nevertheless, it is 
crucial to acknowledge that not all of this acquired radiation can be efficiently 
converted into usable energy. As a result, this lack of efficiency leads to the 
production of excess heat and a subsequent decrease in the overall effectiveness of 
the system [37-39]. Thermoelectrics can harness the surplus heat generated by 
rising temperatures. The TEG operates by turning thermal energy into electrical 
energy, utilizing temperature disparities between the hotter and colder sides [40].  

3. Method 
The research used is a type of experimental research that aims to determine the 
effect of sunlight intensity on the power produced by PV and TEG. In this research, 
direct testing was carried out on the prototype that had been created. The prototype 
is shaped like a cart with a solar panel roof equipped with wheels that make it easy 
to move anywhere. Measurements are carried out in real-time with a time lag of 10 
minutes for 8 hours in 1 day for 30 days. The parameters measured include light 
intensity, current, and voltage. The data analysis used is an analysis method that 
involves collecting data parameters and calculating their quantity using power and 
efficiency equations. 

4. Results and Discussion 

4.1. Efficiency PV 
The efficiency of a solar panel is measured by its ability to convert light energy into 
electrical energy with maximum output efficiency (ɳ) [41-42]. Solar cells generate 
electric power by producing voltage under load, which enables the concurrent flow 
of current [43]. The efficiency value is expressed using Eq. (1) [44]: 

 
(1) 

Solar cell efficiency (η) is found by dividing the power generated by the cell 
(Pmax) by the power of the incident light (Pin). Pin is determined by the solar 
irradiance (Ir), which is the intensity of light (W/m2), and the surface area of the 
solar cell (A). The power output of the solar cell (Pout) is calculated by 
multiplying the open circuit voltage (Voc), short circuit current (Isc), and Fill 
Factor (FF) of the PV cell. 

4.2. Efficiency TEG 
TEG Modeling is employed in semiconductor circuits to enhance 
comprehensibility. The electrical energy is derived from the disparity in 
temperature between the hot and cold sides [25]. The measurement of electric 
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power at TEG can be characterized by the open circuit voltage (VOC) and the 
electrical resistance of the TEG. The Seebeck effect on a TEG produces an electric 
potential difference, commonly referred to as voltage. The amount of heat absorbed 
is represented by Eq. (2) [38]: 

 (2) 

Efficiency can be calculated by Eq. (3) [26]: 

 
(3) 

The technical elements of the system comprised PV panels, a TEG, a battery, a 
charger controller, an inverter, and an electric stove. The PV system converts solar 
energy into electrical energy, while the TEG harnesses the remaining thermal 
energy to provide extra electrical power. The aggregated electrical energy is 
regulated by a charger controller, stored in a battery, and subsequently transformed 
from direct current (DC) to alternating current (AC) by an inverter for optimal 
utilization in supplying power to the electric stove, as demonstrated by the results 
of the trial run presented in Table 1.  

Table 1. Technology test results data. 
Parameter Value 
Average Solar intensity 728,33 W/m2 
Average Power PV 283,73 W 
Average Power TEG 0.974 W 
Average power for battery charging 235,97 W 

The experiment took place in the Merauke district on August 1, 2023, from 
08.00 WIT to 15.00 WIT under gloomy weather circumstances. As a result, the 
efficiency of charging the battery using solar panels was suboptimal, with an 
average power of 235.974 W. Figure 1 illustrates average values for both current 
and voltage. The voltage shows slight variations, while the current remains steady. 
The generated voltage ranges from 34.33 to 36.67 V, while the current ranges from 
7.84 to 8.24 A. 

 
Fig. 1. Average values of current and voltage. 
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The representation in Fig. 2 depicts the variability in output power, which is 
subject to the influence of unstable solar intensity. The highest recorded value is 
299.93 W, while the lowest recorded value is 274.62 W. Figure 3 shows the average 
value of efficiency that is measured but fluctuates. This fluctuating efficiency graph 
is due to the unstable power generated - a maximum efficiency value of 70.65% 
and a minimum percentage of 63.10%. 

 
Fig. 2. Rated average output power. 

 
Fig. 3. The average value of efficiency. 

5. Conclusion 
According to the findings of this study, variations in solar intensity have an impact 
on the voltage, current, and output power of solar panels. As the sun intensity value 
increases, the voltage value also increases, while the current value falls. The 
magnitude of the current and voltage directly influences both the power output and 
the efficiency percentage achieved. Data was gathered over 30 consecutive days, 
starting from 08.00 to 15.00 WIT, in Merauke Regency, Papua, Indonesia. The test 
findings indicate that the mean solar radiation value generated is 728.33 W/m2, the 
mean power generated by PV is 283.73 W, TEG generates 0.974 W, and the power 
achieved in battery charging is 235.97 W. 
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