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Abstract 

This research presents a laboratory study of a box-type solar cooker for two types of pot materials. 

Under the climate conditions of Jaipur, experiments were carried out on a standard box-type solar 

cooker using steel and aluminum vessels, either with or without a load. It is estimated what the merit 

figure (F1 and F2) is. The obtained F1 values show that the cooker, when used with steel and aluminum 

containers, is of A quality. Energy and exertion analysis is the basis for performance evaluation. The 

solar-powered cooker with aluminum vessels has a greater energy and effectiveness than the solar oven 

with titanium dishes. 

 

Keywords: Solar cookers, first figure of merit F1, second figure of merit F2, energy and exergy 

efficiency 

 

 

INTRODUCTION 

A practical substitute for the fuel wood, kerosene, and other fuels that are customarily utilized in 

Ethiopia is the use of solar energy for cooking. It has been demonstrated that, when done correctly, 

solar cooking can be an effective mitigation technique for global climate change, deforestation, and the 

economic deprivation of the world's poorest people [1]. Of course, solar cookers cannot completely 

eliminate the usage of combust fuels. The disadvantage of solar collectors is that grilling must take 

place when and where the sun is shining. Despite this, solar collectors are not as commonly used as they 

could be because they depend upon a free, abundant, and renewable power source to transform solar 

radiation into heat [2–3]. Ethiopia relies more on fossil fuels to meet its energy needs since 

environmentally friendly energy technologies are less well-known and utilized there [4]. With more 

than 275 bright days annually, most poor nations, including Ethiopia, have global horizontal insolation 

in the range of 5-7 kWh/m2 [5]. Of all sustainable 

sources of energy, solar energy has the largest 

potential, and even if it is only partially utilized, it 

will rank among the most significant energy sources 

[6]. Since energy and its consumption have a direct 

impact on living, studies to address energy-related 

issues is very important [7]. The solar rice cooker is 

an amazing environmentally friendly device that 

uses solar energy to transport heat for food 

preparation, pasteurization, sterilization, and other 

purposes. It works by focusing sun rays on an 

impermeable pot wall. High-nutrient meals, a one-

time subsidies cost, nearly no maintenance and 

running costs, long-term use, etc. are only a few 

benefits of box-type solar cookers [8]. Therefore, 

the research for this study has concentrated on the 

aforementioned topics. A solar cooker is a basic 
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appliance that cooks food using sun energy. It is usually used for cooking that involves scorching [9]. 

It is a known truth that there are many different types of solar cookers available today, and producers 

and researchers are always working to enhance them. Additionally, it is more appropriate for places 

with lots of sunlight, and its inexpensive price makes it very appealing from a business standpoint, 

particularly for the rural populace in developing nations. A. Harmim et al. [10] tested the box type solar 

cooker under both full and no load conditions, and they recommended two figures of merit (F 1 and F2) 

to gauge the cooker's thermal performance for two distinct pot materials. Funk, Larsor, and Funk 

suggested additional metrics for estimating the solar energy cooker's functionality [11]. 

 

Determination of F1 and F2 

A freezing test conducted in the absence of load yields the value of F1, which may be stated 

analytically as 

 𝐹1 =  
𝜂

𝑈𝐿𝑆
 =  

𝑇𝑝𝑠− 𝑇𝑎𝑠

𝐻𝑠
  (1) 

 

whereby ̆ is the heat loss factor at stagnation and the optical effectiveness while which is the 

percentage of incident solar energy that reaches the absorber and is absorbed. Once a steady state is 

established, the receiving plate's stagnation temperature (Tps), the ambient temperature (Tas), and the 

solar insolation temperature (Hs) are measured [12]. 

 

The F2 is calculated mathematically as follows: it can be obtained by melting the jars that are 

positioned on the absorbing plate, i.e., at the entire weight.  
 

 𝐹2 =  
𝐹1(𝑚𝐶𝑝)𝑤

𝐴(𝑡2−𝑡1)
 𝑙𝑛 [

1−(𝑇𝑤1−𝑇𝑎𝑠 )/𝐹1 𝐻𝑠

1−(𝑇𝑤2−𝑇𝑎𝑠)/𝐹1𝐻𝑠
] Eq. (2) 

 

Where t1 is the point in temperature at which the water reached Tw1 in (°C), and t2 is the amount of 

time (in seconds) needed to heat the water from Tw1 to Tw2. The average room temperature (Tas) 

between time period t1 to time period t2, the average solar radiation (Hs) throughout time period t1 to 

time period t2, and the culmination of the mass that is water and specific heat (J/kg 0C) are all expressed 

in units of W/m². 

 

Energy and Exergy Efficiencies 

Energy Efficiency 

The overall energy balance equation for the solar box cooker for the steady-state flow process within 

a finite time period (Δt) is as follows: [Energy obtained by water in the vessel] = [Energy given to water 

in the vessel] – [Energy lost from water in the vessel] Equation [3] 

 

The energy that the water in the container within the cooker gains can be regarded as the system's 

output energy (E0), which is expressed in KJ. 

 

 EO = mCp (Tw2 – Tw1) Eq. (4) 

 

In this case, m and CP stand for the water's mass (kg) and specific heat capacity (J/kgK), respectively. 

During the entire load test, Tw1 and Tw2 represent the water's instantaneous final and beginning 

temperatures (K) [13]. The output energy in the above expression is solely dependent on the difference 

between the initial and final temperatures (Tw1 - Tw2). However, in real-world applications, the 

ambient temperature and the values of the initial and final temperatures also affect the system's 

efficiency, and the energy-based approach is unable to account for this kind of qualitative effect. 

 

The input energy (Ei) of the system (in kJ) can be defined as the energy delivered to the fluid in the 

vessel that is kept inside the cooker. 

 

 E1 = HsAΔt Eq. (5) 
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Where A is the total volume (m2) of the glazing surface and HS is the instantaneous solar in solution 

(W/m2) measured during the test period over a time interval Δt. 

 

As a result, the system's simultaneous energy efficiency (η_E), which is represented as follows, can 

be defined as the product of the energy that water supplies to itself and the energy that it gains. 

 

  𝜂𝐸 =
𝐸0

𝐸𝑖
=

𝑚𝐶𝑃(𝑇𝑊2−𝑇𝑊1)

𝐻𝑆𝐴Δ𝑡
 Eq. (6)  

 

Energy Efficiency 

For the solar powered box cooker, the overall energy balance equation for the constant state flow 

procedure over an extended period of time can be expressed as 

 

 [Input Energy to SBC] - [Energy lost from SBC] equals [Output Energy from SBC]. Equation (7) 

 

The current solar energy flow (HS A Δt) can be used to compute the energy of solar radiation, or the 

energy input EXi to the solar cooker. This can be expressed using the formula shown below, which has 

the broadest acceptability [14]. 

 

 𝐸𝑥𝑖 = 𝐻𝑆 [1 +
1

3
(

𝑇𝑎

𝑇𝑆
)

4
−

4𝑇𝑎

3𝑇𝑆
] 𝐴Δ𝑡 Eq. (8) 

 

where Ts is the sun's surface temperature. With a black body temperature of 5762 K, the sun's 

spectrum is mainly concentrated in the wavelength range of 0.3–3.0 µm. The spectral distribution of 

solar radiation on the earth's surface causes variations in the sun's surface warmth (TS), however for the 

sake of computations, a value of 5800K has been taken into account [14–15]. 

 

The output exergy (EXO) of the system is the energy gained by the water in the vessels inside the 

fryer as a result of temperature rise, and it is stated as 

 

EX0 = 𝐸0 − mCPTa ln
TW2

TW1
 Eq. (9) 

 

The instantaneous energy efficiency (ɳA) of the system can be defined as the ratio of the energy 

gained by water to the ratio of the energy supplied to water an disdepicted as 

 

  𝜂𝑋 =
𝐸0−𝑚𝐶𝑃𝑇𝑎 ln

𝑇𝑊2
𝑇𝑊1

𝐻𝑆[1+
1

3
(

𝑇𝑎
𝑇𝑠

)
4

−
4𝑇𝑎
3𝑇𝑠

]𝐴Δ𝑡
 Eq (10) 

 

Experimental Setup and Procedure 

Two distinct types of pot ingredients have been used in the current experiment with the standard-size 

box-type solar cooker. The photograph perspective of the box-style solar cooker utilized in the trials is 

displayed in Figure 1. There are four pots in the solar cooker—two large and two mini. A layer of 

styrofoam was used as insulation and a GI sheet was used to build box-type solar cookers (thermal 

conductivity = 0.033W/m-K). The plate that surrounds the for the box-style solar cooker is made of 

black-painted GI sheet with an inner surface area measuring 47.5 cm by 47.5 cm and a height of 8.75 

cm, and an outside surface area measuring 57.5 cm by 57.5 cm and a thickness of 17.5 cm. The alloy 

of aluminum big pot has a volume of 1.5 liters and the little pot has a volume of 0.750 liters; the steel 

big pot has a capacity of 2.5 liters and the small pot is 1 liter. 

 

January 2024 saw the conduct of experiments in the Energy Laboratory of the Electrical Engineering 

Department of Suresh Gyan Vihar University in Jaipur, Rajasthan, India. The experiments commenced 
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at 8:30 AM and ran until 5:30 PM. Using a solarimeter (suryamapi) with a minimum count of 20 

(W/m2), the intensity of sunshine on the surface of the horizontal was monitored during all of the trials. 

Temperatures at several points on the box-style solar cooker, such as the absorber plate, cooking pots, 

cooking fluid, and ambient temperature, were measured using copper-constantan thermocouples to 

function. 

 

RESULT AND DISCUSSIONS 

a combination of energy and energy analysis, a comparison study of the solar cooker using two 

distinct kinds of pot materials—aluminum and steel—has been conducted. The fluctuation in solar 

intensity with respect to the time of day is depicted in Figure 2. Before noon, solar intensity increases 

steadily until it reaches its greatest level, at which point it rapidly decreases. At about 2:00 PM, a 

maximum value of 920W/m2 is achieved. 

 

The time-temperature charts for aluminum and steel pot materials with and without load conditions 

are displayed in Figures 3 and 4. 

 

 
Figure.1. Photographic view of box-type solar cooker. 

 

 
Figure 2. Variation of solar intensity with time of the day. 
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It can be observed from Figures 3 and 4 that the maximum value of the aluminum pot is greater than 

that of the steel pot. Mullicket al. (1987) reported that the first figure of merit (F1) exhibits variability 

ranging from 0.12 to 0.16. Good optical efficiency and a low heat loss factor are indicated by a high F1 

value. After then, their prototype will be rated as Grade A. Using the aforementioned equation 1, the 

figure of merit F1 for the experimental stagnation test for steel and aluminum is determined to be 

0.13645 and 0.14661, respectfully. For both aluminum and steel pots, the second Figure of Merit (F2) 

is 0.694 and 0.727, respectively. In conclusion, the outcomes derived from the worldwide cooking 

power test protocol unequivocally demonstrate that the current cooker meets the required standards. 

 

Eqs. [6] and [10] were used to compute the energy and energy efficiency. A solar cooker's efficiency 

of energy with an aluminum pot is 21.37%, while with a steel pot, it is estimated to be 20.78%. An 

aluminum-pot solar cooker has an exergy efficiency of 6.08%, whereas a steel-pot solar cooker has an 

exergy efficiency of 5.17%. The aluminum pot in the rooftop solar cooker has an energy efficiency of 

17.59% higher than that of the stainless steel pot. 

 

 
Figure 3. Variation of temperature of cooker components without load. 

 

 
Figure 4. Variation of the temperature of cooker components with load. 
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CONCLUSION 

In the current study, the two distinct types of pot material are examined for cooker performance in 
the Jaipur, India, climate. The conclusion reached is as follows: For solar cookers with aluminum pots, 

the first figure of merit (F1) is determined to be 0.14661, while for solar cookers with steel pots, it is 
0.13645. The BIS states that the solar pressure cooker, with its two distinct pot materials, belongs in the 

A Grade category. The solar cooker's second figure of merit (F2) is 0.694 when using aluminum pots 
and 0.727 when using steel pots. The findings suggest that pots made of steel and aluminum work better 

when cooked by boiling. Steel pots can be used for evening cooking, whereas aluminum pots are utilized 
for quick cooking throughout the day. Aluminum pots have an energy efficiency of 17.59% higher than 

steel pots. When using an aluminum pot, the solar cooker's energy use is 21.37%; when using a metallic 
pot, the rate is 20.78%.  
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