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Abstract. The amount of energy resources from fossil fuels continue to decrease, these lead to 

high demand for renewable energy. One of the biggest energy resources in our nature is solar 

power. A solar cooker is a device that uses solar power to cook a meal. The performance and 

temperature of solar cookers depend on the material we use in the device. One of the most 

important components in solar cooking is reflector because solar cookers use a mirrored reflector 

to collect and transfer sun rays into the cooking pot to increase the temperature inside the pot. 

This paper compares two different materials as a reflector in solar cookers. The first reflector is 

aluminum foil tape, these materials are very cheap, light,  easy to use so it could be applied in 

many designs. The Second reflector used was zincalume steel, it has the highest reflector among 

other thin steel available in the market. The design of panel reflector from aluminum foil tape 

was 4 rectangular and the design of zincalume steel reflector similar to cone. The performance 

of two different reflectors has been analyzed in Solar cookers used to boil 500ml water for 120 

minutes. Water temperature from the first and the second reflector showed a similar result. It 

showed that reflector made from aluminum foil tape and zincalume steel has similar reflectivity. 

1.   Introduction 

In Indonesia, many households use petroleum gas as the main fuel to cook, but the gas comes from 

fossils which are in danger of extinction. Moreover burning petroleum gas produces carbon dioxide as 

known as a greenhouse gas which is the main element contributing to global warming. Therefore we 

must use the new energy resource to replace fossil fuels [1]. The most powerful and free energy in our 

nature is sunray. Many researchers already used sunrays as renewable energy. Indonesia is placed in the 

equator, thus it can get enough sunray through the year with average power radiation of 4.8 kWh/m2 for 

8-10 hour per day[2][3]. 

The utilization of solar power to replace petroleum gas was to cook with solar cookers. Solar cookers 

are the device that uses sunlight as fuel to cook the meal [4]. Solar cookers use free energy from the sun, 

so it's cheaper and cleaner because it didn't release carbon dioxide [5]. Despite the low cost and clean 

state, solar cookers used a longer time to be cooked than conventional cookers [6]. In many developed 

countries such as Indonesia, people are still reluctant to use solar cooking due to the long time to cook 

and the strong radiant from the sunray which made it uncomfortable to cook.  

This paper tried to make a solar cooker with a design to avoid strong radiance so that people can be 

more comfortable using it. Instead of using a common design with direct and reflected sunlight, these 

cookers used a trapezium reflector to guide the sunray into the base of the cooking tray. Without the 

direct sunlight and the cover above the cooking tray, the user of solar cookers can cook with more ease 

because the reflected sunray (which usually gives a strong dazzle to the eyes) transfers directly under 
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the cooking tray [7]. Another object analyzed in this paper is the reflector panel. One of the most 

important components in solar cooking is the reflector because solar cookers used a mirrored reflector 

to collect and transfer sun rays into the cooking pot to increase the temperature inside the pot. This paper 

compares two different materials as a reflector in solar cookers to get the best yet cheap material for 

solar cookers.  

2.   Principle of Solar Cookers 

Solar cooker is a device to convert sunlight into heat then used to cook the meal in the tray/pot[8]. These 

devices used a concentrator or reflector to collect sunray and transfer direct/indirectly into the cooking 

pot[9]. There are many types of solar cookers, based on concentrating/reflector there are three categories 

which are the most popular and used widely. As we can see in fig.1, the three solar cookers are solar 

cookers box type, panel type and parabolic type[10]. Solar cooker box type has a similar design with an 

oven, mostly the rectangular type with or without an additional reflector panel. Solar cooker panel types 

are almost similar to box type, but it came with more various designs (not always rectangular) and there 

is an addition of panel reflectors to enhance the performance of solar cookers. Parabolic solar cooker 

mostly used a parabolic panel and put the cooking pot right on top of it. 

 

 

 
Figure 1. Direct solar cookers: with box (a), parabolic (b) or panels [11] . 

 

Among these three, parabolic solar cookers showed the highest temperature, but the design of 

parabolic solar cookers makes it difficult for the user because of strong radiance.  Meanwhile, box type 

and panel solar cooker perform lower temperature than parabolic type, but are user friendly because the 

radiant is not as strong as the parabolic type. Therefore people prefer used box type or panel solar 

cookers to use daily in their household. Apart from the shape of the reflector, the material used as a 

reflector and the shape of the reflector (inclined wavy or flat plate) play an important role in order to 

reach good performance in solar cookers [12]. Hence in this paper, we used two different reflectors from 

two different materials with a slightly different shape but a similarly large area. 

3.   Design and Method  

3.1.   Design 

The solar cooker is made from wood and all the skin on the surface is painted black to absorb more heat 

(see fig.2). The design of these solar cookers inspired by [7] with the same purpose, to create a low-cost 

solar cooker with high performance and easy to use. These devices used two different reflectors, the 

reflector panel design like Prisma trapezium (as seen in fig.2b) with two big rectangles 4620 cm2, two 

rectangles 2310 cm2 and four triangular 1155 cm2. The panel reflector is made from thin wood and 

coated with aluminum tape. The second reflector used zincalume (alloy of 55% aluminum and 45% 

zinc) with a design similar to cone but without the top. The half-cylinder reflector is employed as a 

connector from the reflector panel and cooking tray and used to reflect the sunray from the panel 

reflector into the tray. The cooking tray is made from stainless steel with the bottom tray paint tint black 

to prevent the reflection from stainless steel and to absorb more heat.   
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Figure 2. Solar Cooker, a). Figure from side, b). Figure from above, c). Up front of solar cooker 

with mirror cover lid  

One of the factors for solar cookers to reach high temperatures is heat loss such as using the lid to 

prevent evaporation from the cooking tray. The lid (see fig.2c) used in this device is made from a mirror 

with a size of 30 x 60 cm to cover the tray. Even though Indonesia gets enough sunshine all year, the 

sun has its own move. The sun's move from west to the east makes it difficult to track the ray source for 

these solar cookers. The device is designed to be used in a household with limited sunlight due to many 

barriers such as a wall or trees. Therefore these solar cookers are given four wheels, thus it can easily 

be moved around to find a better angle and place for more sunray. This paper design with the purpose 

to make the user can be cooked more conveniently, thus the panel reflector is not directed to the cooking 

user. Instead, the user got in the shadow from the panel reflector and did not get direct strong radiation 

from the sunray. 

3.2.   Experimental Set Up 

The experiment was already done in the backyard to represent real-life with many trees and the 

surrounding wall. The solar cooker used to heat water for 120 minutes between 09.00 am and 11.00 am. 

Power radiation of sunray and temperature of the water had been collected manually every 5 minutes. 

The device to measure radiation was lux meter to and solar power meter, meanwhile an infrared 

thermometer gun has been used to measure temperature in water. The size of the cooking tray used in 

this experiment is 31 x 25 cm, the tray fills with 500 ml water. There is only one kind of solar cooker 

used in this experiment, thus the performance of reflector panels with aluminum and zincalume has been 

measured on a different day. After solar cookers with reflector panels with aluminum tape were 

measured, the panels were replaced with cone panels made from zincalume. The data collected many 

times to get the humidity, radiation and temperature surrounding as similar as for those two reflector 

panels. 

4.   Result and Discussion 

The first reflector to be evaluated was a reflector based on aluminum tape. The shape is similar to 

trapezium in hope, the angle between the plane can trap and reflect more sunray. From the result (see 

fig 3.), the highest temperature performed by aluminum tape reflector was 75.9°C. Meanwhile, the 

reflector made from zincalume got 72°C as maximum temperature. The result showed that reflector 

based on aluminum tape perform better than reflector based made from zincalume.  

 

Half silinder Panel reflector 

Cover lid 

wheel 

Cooking 

Tray 
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Figure 3.  Comparative performance of two reflectors, aluminum tape and zinalume. 

 

From table 1, we can see solar radiation and illumination when the experiment happens. Even though 

the two data collect on a different day, the number of solar radiation and illumination show similarity. 

It is safe to say the two reflectors were analyzed in the same condition. In table 1, we can see that the 

stronger radiation temperature of water increases faster. When the radiation gets weaker, the temperature 

inside the water increases slowly because there is a lack of heat absorbance in these devices[13]. When 

solar radiation is not too strong, with the help of solar absorbance the previous heat can be stored safely 

so that when the heat from the sunray gets weaker there is still the heat from storage to backup so that 

the temperature does not decrease. On top of that, the experiment only allows taking data until 120 

minutes because above 11.00 am the sun changes its position, and with many trees and walls between it 

is hard to get the maximum amount of the sunray. Moreover, when water reaches a temperature higher 

than 80°C, the temperature tends to decrease because different temperatures between lid and water 

makes different heat transfer coefficients decrease, it makes calor in water decrease too [14].  

 

Table 1. Performance aluminum tape and zincalume as reflector with solar radiation  

 
Time 

(Minutes
) 

Lux 
 

Solar Radiation 
(W/m2) 

Aluminum 
Tape (°C ) 

Zincalum
e 

(°C ) 
Solar Radiation 

(W/m2) 
Lux 

 
0 154.7 1096 27.6 27.8 897 148.6 
10 150.9 1172.7 35 40.5 1020.9 155.2 
20 144.7 1191.5 40 48.7 1132.4 153.1 
30 152.6 1097.3 48.8 51.3 1029.8 150.7 
40 145.5 1052.4 53.5 56.5 939.3 149.5 
50 147.2 1211 58.7 58 1007.9 150.2 
60 149.7 1081.2 64.8 59.3 1064.5 155.1 
70 143.3 1079.3 68.2 60.4 987.4 151.4 
80 150.7 1132.8 70.4 62 1079.2 153.2 
90 155.6 1018 72.7 68.7 1056.9 145.4 

100 151.4 1099.6 73.2 70 1107.3 152.1 
110 148.9 1067.5 74.5 71.6 1098.6 147.6 
120 145.8 1126.5 75.9 72 1166.2 152.1 

 

Cooking power and efficiency from this device can be calculated using questions 1 and 2[15]. With 

P is cooking power in W,  is a range of temperature, t is time to heat the water,  is mass of water (in this 

case the mass of water is 0.5 kg),  is water heat capacity, I is solar radiation and A is heat absorber area.   

𝑃 =  
𝛥𝑇

𝑡
 . 𝑚𝑎. 𝐶𝑎. (1) 
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From question 1, we can see that the solar cooker with a reflector from Aluminum Tape got 14.08 

W cooking power. Meanwhile, cooking power with a reflector from Zincalume got 12.89 W.  

𝜂 =  
𝑃

𝐼𝑇.𝐴𝑐
 𝑥 100 (2) 

The efficiency solar cooker calculated with question 2 for reflector Aluminum Tape is 16.37 % and 

for reflector Zincalume is 14.89 %. The cooking power and efficiency from reflector Aluminum tape is 

higher than reflector Zincalume, although the cooking power from these results tends to be lower than 

regular box type solar cookers [16][17]. Therefore the device needs many improvements to get better 

performance. The design has been successfully made the user cooking get less radiation, hence it made 

the cooking activity safer. Therefore the space from the connector made so much space, thus it caused 

much heat loss.   

5.   Conclusion 
The comparative study of two different reflectors has been investigated. Reflective panels from thin 

wood coated with aluminum tape and trapezium design got higher temperature than the reflective panel 

from zincalume with half cone design. Maximum temperature reaches 75.9 °C for aluminum tape 

reflector and zincalume reflector reaches maximum temperature 72°C. The device needs many 

improvements to get a better performance such as the addition of a heat insulator and heat absorber to 

prevent heat loss so that it can enhance the temperature more quickly.   

References 

[1]  S. Indora and T. C. Kandpal. Institutional and community solar cooking in India using SK-23 and 
Scheffler solar cookers: A financial appraisal. Renewable Energy, vol. 120, pp. 501–511, May 
2018. 

[2]  Abdul Muin, Rita Maria, and Iskandar Bail. Perancangan kompor surya serbaguna dengan 
susunan absober yang bervariasi. Jurnal Desiminasi Teknologi, vol. 5, no. 1, Jan. 2017. 

[3]  T. Y. Yanuartanto. Kompor surya menggunakan penyimpan panas dengan variasi ketinggian 
kompor. skripsi, Sanata Dharma University, 2010. 

[4]  Sunil Indora and Tara C Kandpal. Institutional cooking with solar energy: A review.  Renewable 

and Sustainable Energy Reviews, vol. 84, pp. 131–154, Mar. 2018. 
[5]  Mohammad Aramesh, Mehdi Ghalebani, Alibakhsah Kasaeian, Hosein Zamani, Giulio 

Loerenzini, Omid Mahian, and Somchai Wongwises. A review of recent advances in solar 
cooking technology. Renewable Energy, vol. 140, pp. 419–435, Sep. 2019. 

[6]  Pia Piroschka Otte. Warming Up to Solar Cooking – A Comparative Study on Motivations and 
the Adoption of Institutional Solar Cookers in Developing Countries.  Energy Procedia, vol. 
57, pp. 1632–1641, Jan. 2014. 

[7]  Ian Edmond. Low cost realisation of a high temperature solar cooker. Renewable Energy, vol. 
121, pp. 94–101, Jun. 2018. 

[8]  Ishan Purohit. Testing of solar cookers and evaluation of instrumentation error.  Renewable 

Energy, vol. 35, no. 9, pp. 2053–2064, Sep. 2010. 
[9]  H. Terres, A. Lizardi, S. Chávez, R. López, and M. Vaca. Evaluation of the cooking power in 

three different solar cookers box-type.  J. Phys.: Conf. Ser., vol. 792, p. 012013, Jan. 2017. 
[10]  M. Mussard. A solar concentrator with heat storage and self-circulating liquid. Norges teknisk-

naturvitenskapelige universitet, Fakultet for ingeniørvitenskap og teknologi, Institutt for 
energi- og prosessteknikk, 2013. 

[11] Yunsheng Zhao, Hongfei Zheng, Boyang Sun, Chenji Li, and Yin Wu. Development and 
performance studies of a novel portable solar cooker using a curved Fresnel lens concentrator. 
Solar Energy, vol. 174, pp. 263–272, Nov. 2018. 

[12]  H. Ambarita. Numerical study on the effect of configuration of a simple box solar cooker for 
boiling water. IOP Conf. Ser.: Mater. Sci. Eng., vol. 308, p. 012028, Feb. 2018. 



International Symposium on Physics and Applications(ISPA 2020)
Journal of Physics: Conference Series 1951 (2021) 012022

IOP Publishing
doi:10.1088/1742-6596/1951/1/012022

6

[13]  Maxime Mussard, Alexandre Gueno, and Ole Jorgen Nydal. Experimental study of solar cooking 
using heat storage in comparison with direct heating. Solar Energy, vol. 98, pp. 375–383, Dec. 
2013. 

[14]  S. Mahavar, P. Rajawat, R. C. Punia, N. Sengar, and P. Dashora. Evaluating the optimum load 
range for box-type solar cookers. Renewable Energy, vol. 74, pp. 187–194, Feb. 2015. 

[15]  A. Muin, R. M. Veranika, and I. Badil. Perancangan kompor surya serbaguna dengan susunan 
absober yang bervariasi. Jurnal desiminasi teknologi, vol. 5, no. 1, Jan. 2017. 

[16]  P. J. Lahkar and S. K. Samdarshi. A review of the thermal performance parameters of box type 
solar cookers and identification of their correlations. Renewable and Sustainable Energy 

Reviews, vol. 14, no. 6, pp. 1615–1621, Aug. 2010. 
[17]  F. Yettou, B. Azoui, A. Malek, A. Gama, and N. L. Panwar. Solar cooker realizations in actual 

use: An overview. Renewable and Sustainable Energy Reviews, vol. 37, pp. 288–306, Sep. 
2014. 

 


