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Abstract: The integrated solar thermal photovoltaic cooker utilizes slot type high-temperaturecondensing 
technology to heat the food inside the vacuum tube, solving the problem of  food heating when going out. The 
photoelectric conversion and energy storage are used to reduce dependence on conventional energy, realize 
electric energy heating, and solve outdoor power consumption problems. This structure includes an arc-
shaped parabolic condenser plate, which is located at the lower part of the vacuum tube. The upper end of the 
solar vacuum tube is equipped with a steamer, which is normally heated by the heat stored in the solar vacuum 
tube. The inclined bottom of the steamer is equipped with an electric heating wire, which provides power 
through a solar cell module to heat the food inside the vacuum tube. 

1. Introduction 

The environmental problems in today's society are becom-
ing increasingly serious. As a livelihood issue, having 
three meals a day is also a significant energy consumption. 
Cooking with solar cookers can not only meet people's 
daily needs, but also reduce carbon emissions and save en-
ergy. Especially in the United States and developed coun-
tries or regions in Europe, there are many users of solar 
cooker, which has been praised by the majority of users, 
and has been well promoted and applied. 

2. Technical background 

At present, solar cooker is a mature product. Cou Photo-
thermal photovoltaic integrated solar cooker is a kind of 
solar cooker. The solar cooker is a form of solar energy 
utilization and one of the solar energy applications for 
cooking food. It is a cooker that converts solar energy into 
heat energy for cooking food [1]. As an important equip-
ment for solar energy utilization, solar cooker can reduce 
environmental pollution in areas rich in solar energy [2]. 

Ntries around the world have successively developed 
different types of solar cooker, such as box type, condens-
ing type and flat solar cooker [3]. China's research on solar 

stoves has also evolved from scattered exploratory exper-
iments to organized joint research and in-depth systematic 
research[4]. 

Solar energy is a renewable energy source that can be 
converted into various types of energy, directly into ther-
mal energy, electrical energy, or biomass energy. Com-
pared with other conventional energy sources, solar en-
ergy has its significant characteristics：The energy of the 
sun is very abundant and sustainable, as it rises every day 
and generates energy every day;Solar energy is a clean en-
ergy source that does not cause environmental pollution 
during direct utilization and energy conversion.; Solar en-
ergy can be described as inexhaustible and inexhaustible, 
with significant advantages such as environmental protec-
tion and safety. Moreover, solar thermal utilization has 
more application fields and possibilities. Compared to 
photovoltaic applications, it does not generate a large 
amount of pollution in the later stage and has unique ad-
vantages. 

At present, solar cookers are a mature product with a 
wide variety of cooking utensils. The company has devel-
oped a solar photothermal photovoltaic integrated cooker, 
with the core components of a vacuum tube and a conden-
ser plate. The condenser plate receives sunlight and re-
fracts it onto the vacuum tube. The vacuum tube is coated 
with an interference film to absorb sunlight, convert it into 
heat, and heat the food inside the vacuum tube. Generally, 
food can be roasted in the oven for 5-40 minutes. Solar 
cookers are easy to operate, convenient to carry, do not 
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smoke or have an open flame, and can be used wherever 
there is sunlight. The vacuum tube has a self limiting func-
tion, and the temperature of the entire solar vacuum tube 
is constant. When heated, the food tastes delicious. Solar 
cookers can be placed on apartment balconies, outings, 
camping sites or places where smoking is prohibited, and 
can also be used at sea. Sailing is safer and more reliable 
than other energy cookers. It can be used to make soup, 
porridge cookers, boil water, roast grilled chicken, etc., to 
meet the needs of people's daily life. 

3. Design ideas and operating 
principles 

Based on the theoretical learning knowledge of the course 
"Solar Energy Comprehensive Utilization Technology", 
through investigation and research, a solar thermal photo-
voltaic integrated cooker is designed. The theoretical cal-
culation formula is as follows: 

3.1. solar elevation angle h 

The solar elevation angle is the angle between the sunlight 
line and the ground plane. In China, it is generally used 
within the range of 20 ° - 80 °. When it is lower than 20 °, 
the solar radiation is greatly attenuated, and the direct ra-
diation value of sunlight is reduced, so the effect of using 
solar cooker is not good. The cut-off surface of the solar 
cooker shall enable the light to focus on the bottom of the 
pan within the range of the maximum solar elevation angle 
hmax and the minimum solar elevation angle hmin. 

Calculation formula: hmax=101 ° -0.8 Φ （ Φ≥ 23.5); 
Hmax=82 °（ Φ< 23.5); Hmin=39.5 ° -0.4 Φ。 Taking 
Texas as an example, its geographical latitude is approxi-
mately Φ= 37 °, hmax=101-37=74 °; Hmin=39.5-0.4 * 
37=24.7 °. 

3.2. Operating height H of solar cooker 

Considering the requirements for the height of the opera-
tor's body, the general design operating height H is 0.9-
1.2m, and the maximum should not exceed 1.25m. Small 
stoves can be considered separately. 

3.3. Focal length of solar cooker 

When designing the stove body, to ensure that the sunlight 
reflected by the stove body converges at the ideal position, 
which is the focal line of the semi parabolic surface. The 
cross-section of a semi parabolic surface is a parabola, de-
noted by the formula x2=2py [5]. In this parabola, the fo-
cal coordinate is (0, p/2). The focal length of the solar 
cooker makes the basic parameters of the parabola (plane) 
determined, and then the parabola (plane) is determined. 
The main consideration for choosing a focal length is: a 
higher lighting coefficient for the stove surface, which is 
the cross-sectional area/curved area of the stove surface; 
The focal length of ordinary household solar cooker is 
within the range of 60-80cm, and the focal length of small 
parabolic cylindrical solar cooker can be reduced. 

3.4. solar cooker surface structure 

The surface structure of the solar cooker comprises a base 
surface part and a reflective material. From the type of sur-
face, there are rotational paraboloids, spherical surfaces, 
conical surfaces, Fresnel reflection surfaces, parabolic cy-
lindrical surfaces, and so on. This design considers stu-
dents' creative use and is designed as a relatively simple 
rotating parabolic structure. 

According to the shape of solar cooker, there are posi-
tive axis cookers (positive circle, ellipse, oblate circle) and 
off-axis cookers (rectangle, fan, ellipse, oblate circle). And 
the structure of the stove surface also includes a whole, 
two, three, or four combined stove surfaces. The same 
sample design considers simplicity and convenience, with 
a positive axis stove and two stove surfaces. 

3.5. Support and tracking device of solar 
cooker 

The support and tracking device of the solar cooker are 
interrelated. The tracking device of solar cooker can be di-
vided into manual tracking device, automatic tracking de-
vice and automatic tracking device. 

3.6. Operating principle 

The cross-section of the solar thermal photovoltaic inte-
grated cookware concentrator is parabolic, and the vac-
uum tube is the heat collecting component. The vacuum 
tube is located at the focal point of the parabolic, as shown 
in Figure 1. Vacuum tubes are divided into inner tubes, 
outer tubes, absorption film layers, etc. The diameter and 
length are selected according to the actual situation; A pro-
tective bucket and a baking bucket are installed inside the 
vacuum tube. The protective barrel is made of stainless 
steel to prevent water vapor from entering the vacuum tube 
for explosion; The baking bucket is similar to a tray struc-
ture, with egg steamers placed inside. The vacuum tube is 
located at its focal point and gathers sunlight onto the vac-
uum tube through a focusing plate. The inner and outer 
walls of the vacuum tube are coated with a film, which 
selectively absorbs more than 94% of the film's absorption 
ratio. It can convert most of the solar energy into heat and 
achieve cooking and baking of food inside the vacuum 
tube. The maximum temperature inside the tube exceeds 
300 ° C. The vacuum is pumped between the inner and 
outer tubes of the vacuum tube, and the heat cannot enter 
or exit, resulting in good insulation effect and faster heat-
ing of the food inside the tube. The spotlight can be man-
ually rotated and adjusted according to the azimuth angle 
of the sun, making it flexible to use; And after adjustment, 
it can be fixed through a locking device, which can meet 
the needs of different solar angles for spotlight; The upper 
end of the solar vacuum tube is equipped with a steamer, 
which is normally heated by the heat stored in the solar 
vacuum tube. The inclined bottom of the steamer is 
equipped with an electric heating wire, which provides 
power through a solar cell module to heat the food inside 
the vacuum tube. At the same time, the electricity gener-
ated by the battery components can charge the phone and 
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serve as a mobile power source. The bottom of the bracket 
is equipped with a universal brake wheel for easy move-
ment. 

 

Figure 1 schematic diagram of solar photovoltaic integrated 
cooker 

4. System structure design and 
prototype testing 

4.1. Structural Design 

The integrated solar thermal photovoltaic cooker consists 
of a support frame, vacuum tube, steamer, electric heating 
wire, battery module, locking device, battery, spotlight, re-
inforcing rod, support rod, and other components(Figure 
2). The vacuum tube is installed above the bracket, and 
there is a support frame on the inner side of the bracket 
that can rotate relative to the vacuum tube. The surface of 
the support frame is fixed with a spotlight plate; The spot-
light plate is symmetrically distributed on both sides of the 
support frame, and solar vacuum tubes are installed on the 
upper part of the support frame. The upper end of the solar 
vacuum tube is equipped with a steamer, which is nor-
mally heated by the heat stored in the solar vacuum tube. 
Install electric heating wire at the tilted bottom of the 
steamer. The support frame is connected to the bracket 
through a locking device; Install a storage rack on one side 
of the bracket. This device utilizes photothermal technol-
ogy to heat food, while utilizing trough focusing technol-
ogy to increase the utilization of solar energy. In order to 
reduce dependence on the weather, the cooker is also 
equipped with photovoltaic panels, which use photoelec-
tric conversion and energy storage technology to heat food 
in bad weather. Equipped with a battery, the electricity 
generated by the battery components can charge the phone 
and be used as a mobile power source. 

4.2. Control System Design 

The controller is the control unit of the integrated solar 
thermal photovoltaic cooker, which controls the power 
generation of the solar photovoltaic system and controls 
the power supply to the load(Figure 2) . The controller is 
equipped with a switch that provides power to the load 
when the switch is turned on. When the power is not used, 
the switch is turned off. According to weather conditions, 
if heating and insulation are not required, there is no need 
for power supply. The controller panel has a display that 
displays the photovoltaic power generation status, electric-
ity level, etc., allowing for direct observation of battery 
capacity changes. 

 
Figure 2 Structural Diagram of Solar Photothermal Photovol-

taic Integrated Cookware System 

4.3. Prototype testing 

The project team refined the design plan, applied for in-
vention patents, searched for manufacturers to make pro-
totypes, and conducted prototype testing. Figure 3 shows 
the test data of a solar thermal photovoltaic integrated 
cookware. 

 
Figure 3 Test Data of Solar Photothermal Photovoltaic Inte-

grated Cookware 
On May 17, 2023, the weather was clear, with no 

clouds before 14:30 and clouds starting from 14:30. Start-
ing from 11 o'clock, the temperature inside the insulation 
box significantly increased, quickly reaching around 
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180 ℃. Manually adjust the azimuth angle in a timely 
manner, aim at the sun, and the temperature inside the in-
sulation box is basically maintained at around 180 ℃.Ap-
proximately 25% -30% of the reflective panels are not re-
flected onto the vacuum tube. If the reflective panel area 
is appropriately increased, the temperature inside the oven 
can reach 200 ℃. When there is no sun, the photovoltaic 
controller can be activated to output the load switch. Sev-
eral heating tubes are evenly distributed on the inner wall 
of the insulation box, and the electrical energy stored in 
the photovoltaic power generation system is converted 
into heat energy to continue heating the food inside the in-
sulation box. 

5. Social Benefit Analysis 

Cooking is a basic human need that is achieved worldwide 
using a variety of appliances, many of which require the 
direct or indirect use of fossil fuels to operate. As a result, 
it produces large amounts of greenhouse gas emissions, in 
addition to other damage to the environment and human 
health [6]. Solar cookers can directly use solar energy to 
solve daily cooking and replace traditional living habits 
such as firewood and electric combustion. 

According to different specifications, the solar micro 
kitchen has a heat collection area of 0.5 square meters to 8 
square meters;If we promote a 1 square meter solar micro 
kitchen, it can save 500kWh of electricity, save 200kg of 
standard coal, reduce 136kg of carbon dust, reduce 498kg 
of carbon dioxide emissions, reduce 15kg of sulfur dioxide 
emissions, and reduce 7.5kg of hydrogen chloride. Cur-
rently, the promotion of more than 30000 solar cooker pro-
jects is about 25000 square meters, which can save 5000 
tons of standard coal, reduce 12500 tons of carbon dioxide 
emissions, and reduce 375 tons of sulfur dioxide emis-
sions. 

The mass production and use of solar cookers can re-
place traditional energy cooking methods such as coal, 
charcoal, and electricity, allowing all humanity to avoid 
the suffering of cooking. After years of technological 
breakthroughs and tens of thousands of unremitting exper-
iments, after multiple product updates, the performance of 
solar cookers has reached an unprecedented level, and can 
even truly replace traditional cooking methods, achieving 
"relying on the weather to eat" without causing air pollu-
tion and energy waste. 

6. Conclusion 

The solar thermal photovoltaic integrated cooker is made 
of high reflectivity aluminum plates, with a trough struc-
ture and a parabolic principle. The light converges onto a 
vacuum tube, producing a high temperature suitable for 
barbecue and stewing. The solar thermal technology is 
used to heat food, and the trough concentrating technology 
is used to increase the utilization rate of solar energy. In 
order to reduce the dependence on the weather, the device 
is also equipped with photovoltaic panels, which use pho-
toelectric conversion and energy storage technology to 
heat food in bad weather. By using a spotlight to gather 

sunlight onto a vacuum tube, cooking is achieved, and the 
angle of the spotlight is adjustable, making it flexible to 
use. The wider range of use, including barbecue and 
steaming, is another major breakthrough in the solar 
cooker industry. 
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