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Abstract- The Middle East, notably Saudi Arabia, faces an increase in the need for energy for cooking as a result of population
expansion in both urban and rural areas. Traditional cooking requires a variety of resources, including petroleum, coal, wood for
fires, and other biomass-based materials. All of which damage forests and accelerate climate change due to greenhouse gas
emissions. As an alternative, Solar energy can be an inventive replacement for conventional energy sources for cooking. In this
study, the design optimization, fabrication, and thermal evaluation of a solar cooking system was investigated. The optimal solar
cooker design with the best thermal performance was found using the multi-objective colonial competitive method executed
under Matlab. The optimal solar cooker design was fabricated and experimentally tested under the Qassim climate. A k-type
thermocouples were used to measure the temperature of the inside pot and the absorber plate. It is noted that the obtained optimal
results were in strong correlation with experimental and literature findings. Moreover, it is stated that the initial and second
reflectors should be tilted at a position of 120 degrees for the highest solar cooker efficiency per day. It has also been
demonstrated that the efficiency of the system is significantly affected by changing the insulator thickness from 0.002 to 0.05 m.

Keywords Efficiency, optimization, Algorithms, Renewable energy resources, Testing.

Nomenclature

List of symbols

SOCOS Solar cooking system | N | Day number

Ap Bottom surface area of SOCOS Ny Number of glass covers
A, Edge surface area of SOCOS T, Inside air temperature
Apot Area of pot T, Ambient temperature
Ag Reflector area Ty Food temperature

Ar Absorber plate area T, Absorber plate temperature
Cq Specific heat of air To Ambient air temperature
cr Specific heat of food t time

(o Specific heat of absorber plate U, Bottom loss coefficient
Ey, Absorber plate efficiency factor U, Edge loss coefficient
Fr_. View factor of reflected radiation U Top loss coefficient

Gr Grashof number Prw Prandtl number of water
H, Beam component of solar radiation Uy Over loss coefficient
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H, Solar radiation constant Q. Useful energy in SOCOS

Hp Reflected Solar radiation Greek abbreviations

Hp Total solar radiation in SOCOS a Absorber Plate absorptance

h Hour angle B SOCOS tilt angle

Ry Wind heat transfer coefficient n SOCOS thermal efficiency

k; Thermal conductivity of insulation €g Glass cover emittance

Koil Thermal conductivity of oil AT Food temperature difference
between end and beginning of test

ts Specific boiling time At Time to increase food temperature
by AT

L Altitude Angle €p Absorber plate emittance

L; Thickness of insulation p Reflectance of reflector

M, Mass of inside air o Stefan-Boltzman constant

M Mass of food T Glass cover transmittance

MOCM Multi-objective Colonial competitive ¢i.i = 1.2 Firstand second reflector tilt

algorithm angle

M, Mass of absorber plate 1) Declination angle

Pr Prandtl number SD Search domain

Q. The useful energy DEV Design variables

1. Introduction

Cooking is one of the main domestic duties that demands
energies for human nutriment. Energy sources support the
consumption of various hydrocarbons (such as petroleum,
firewood, charcoal, etc...) for food preparation. An important
number of people in towns and villages continue to cook with
firewood due to the higher price of petroleum-based items and
electric power used for cooking [1]. The combustion of
agricultural waste, fuel, or charcoal, farming represent a
source of greenhouse gases [2]. Energetic specialists are
becoming more aware for the negative effects of climate
change as a result of consumption of polluting energies like
petroleum, petroleum-based biomass, charcoal, etc. Due to the
Sun's enormous promise, particularly in Saudi Arabia, a solar
cooking systems (SOCQS) has become an incredibly tempting
option. The main two kinds through which SOCOS might be
distinct are boxed and concentrating versions [3]. While the
box-type allows sunlight to penetrate a glass door immediately
for food preparation, the concentrated version uses a reception
container placed in the solar's ray-focusing concentrate ([4];
[5]). Tawfik et al. [6] conducted studies on tracking-type
bottom convex mirrors in order to improve the heat transfer
efficiency of a box-type SOCOS. Based on a photo-thermal
coefficient of 0.165, they concluded that SOCOS can reach an
efficiency of 425%. Yang et al. [7] developed
SOCOS's computational frameworks in order to analyze the
impact of thermal power via cylindrical polyamide covering.
Yadav et al. [8] study of quantitative analysis of visibility
resulted in recognizable warming graphs using warmth in
symphony. Clement et al. [9] developed a design, fabrication,
and thermal evaluation of a solar cooking system integrated
with an Arduino-based tracking device and sensible heat
storage (SHS) materials. They obtained a SOCOS efficiency
ranged between 34.5 and 40.3%. Herez et al. [10] proved that
box type SOCOS are easier to construct as well as more
versatile than solar concentrated designs. In fact, with
instances of intense sunlight, water temperatures of 100 °C

can be reached while employing a box SOCOS to prepare
meals. This sort of temperatures is adequate for cooking food
while bringing waters to a boiling. The use of SOCOS for
cooking at home is encouraged particularly in areas having
abundant sunlight such as Saudi Arabia [10].

According to the quick development of software
engineering, significant efforts have been taken to use such
tools to increase the efficacy of SOCOS. The parametric study
of the SOCOS performances has been covered extensively in
the literature. Mbodji and Hajji [11] conducted a statistical
investigation to ascertain how heat barriers and design
variables (DEV) variability affect the SOCOS functioning. A
quantitative = parametric  assessment  regarding  the
SOCOS effectiveness was conducted by Badar et al. [12]. It is
proven that doublingthe cover glass increases
SOCOS effectiveness. A box type SOCOS' thermal analysis
was created by Verdugo [13]. The author looks into how
Nigeria's erratic weather affects the development of SOCOS
capabilities. To identify an environmentally favorable source,
S.Z. Farooqui [14] created a computational parametric
analysis of a SOCOS. When assessing the SOCOS's
performance, heat leakage and glazing temperature were taken
into account.

Despite the importance of the parametric analysis of
SOCOS, certain literatures [15,16] have demonstrated that
such analysis cannot address the mutual impact among all
DEV. On the other hand, optimizing the DEV that influence
the SOCOS performances received a lot of research attention.
The Taguchi approach was used by Hosseinzadeh et al. [17]
to determine the optimal set of DEV that affect
SOCOS useable energy. The considered DEV are the
vacuum's total strain and the absorber's emissions. Chatelaine
et al. [18] evaluate the SOCOS performance utilizing the
genetic algorithms. The developed strategy may forecast the
plate temperature with a median absolute error of roughly 5%.
Kahaer et al. [19] carried out a SOCOS dimensionally
optimization by using the monitoring random experimentation
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method. The findings indicate that, a ratio of 2.66 (height to
length ratio of SOCOS) provides the highest seeking
effectiveness. Balachandran et al. [20] determine the most
appropriate group of DEV for enhancing SOCOS productivity
using the response surfaces approach. The considered DEV
are the SOCOS panels location, quantity of glass coverings,
and tilting mirrors orientation. The response surface method is
also utilized by Wassie et al. [21] to investigate the effect of
different reflectors on the performance of solar box cookers.

Numerous optimization strategies were used, as we've
mentioned, to analyze and improve the SOCOS performances.
The major drawback of other conventional optimization
method is the difficulty to alternate between exploitation
(convergence speed) and exploration (solution diversity)
challenges [22-24]. In fact, by increasing the convergence
speed, algorithm cannot explore all feasible solutions of the
search space which degrades the population diversity and vice
versa [22-24]. As an alternative, the MOCM was recently
proposed as an effective method to optimize a wide range of
engineering problems with the best compromise between
convergence speed and solution diversity [25]. In fact,
MOCM use the attraction and repulsion (AR) strategy during
the search of solutions, in order to alternate between
exploitation and exploration challenges [25]. For the best of
our knowing, no research on applying MOCM for optimizing
the SOCOS has been discussed in previous studies. The main
objective of this paper is to develop an optimal design of the
SOCOS by using the MOCM method. The optimal design will
be fabricated and experimentally investigated under the
Qassim weather in Saudi Arabia. The obtained results will be
compared with several literature works.

2. Solar cooker structure

The SOCOS is made up of five basic parts, as shown in
Fig. 1: the cooking box, the absorber plate, the insulation
material, the glass covers and reflectors 1 and 2.

Reflector 2
Reflector 1
Glass cover

@2 ol

Cooking pot

Insulation

plate S Box

Fig 1. Schematic representation of a box type SCS

Energy from the sun traverses the layer of glass immediately
and once it has been rebounded via the reflections. When
travelling by the glazed covering, a considerable portion of the
light which reaches it is absorbed.

3. Mathematical modelling of solar cooker

The thermodynamic formulas that control the function of
the SOCOS are identified through the application of energy

equilibrium to the various SOCQOS parts. The syntax for those
formulas is as follows [26]:

Mfcf dt L+ Myc, - oy M, e, o =ArE, [HratMe

Uo(Ty — To)] (1)
HTaTNg(AT POt) Mg Cf dt L+ M pCp dp + Mg c a% +
[Ue(Ar — Apor) + Updp +  U.A.|(Tp — Too) (2)

Based on the heat transfer inside the pot, we can write [26]
Ma Ca d UtAT(T a) (3)
The top loss coefficient is given by [26]:

U, = G'(Tp‘Too)(sz ‘Tooz) +
t = _,,2Ng+/—1+0.133¢p
(€p+0.00591Nghy,) +#—Ng

-1
Ng 1

T
Tp| (Ng-1)

4)

Where
f =(1+0.089,, — 0.1166h,,€,)(1 + 0.07866N,)
C =520(1 — 0.0000518,) For0°< pB <70°

=043|1 100
e=0. T,

The SOCOS total loss of heat ratio is given by [26]:
— U Ae

U, = Ut+Fm(1+Ab)

©)

Where the edge loss coefficient is:

_ (Uehe)
Ue =" (6)

The bottom Loss coefficient is:
Up = (7
The overall thermal efficiency of the solar cooker is given by:

Qu (8)

n= HrAT
Q. is the Useful energy, expressed by:

Qu = Mgt dthf 9)

For a SOCOS with mirror reflectors, the total solar radiation
entering the cooker, Hy , include reflected solar radiation. This
reflected solar radiation is noted Hy [26]:

Hr =p ﬁFR_c cos 0.Hr (10)
At
+R-s1  c+R-s2
Froe ===+ 50 (11)
s1 = (c?+ R? — 2¢cR cos p1)? (12)
s2 = (c? + R? — 2¢R cos ¢2)? (13)

C and R represent respectively the reflector width and the
reflector height.
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4. Design Optimization of SOCOS

It is shown from (Eq. 8) that the SOCOS efficiency is
strongly dependent of many DEV, including the absorption
plate area, reflectors dimensions, reflection tilt angles,
insulating thickness. In follows, the effect of these DEV on the
evolution of SOCOS efficiency has been developed.

4.1. Sensitivity of SOCOS efficiency to DEV variation

The variation of DEV (The reflector tilt angle, reflector
surface area, the absorber surface area and insulator thickness)
and how they have affected SOCOS efficiency are
investigated. In fact, in each case, we vary only one DEV and
the others considered as constant as presented in Table 1. The
efficiency was calculated at every hour (between 8:00 am and
16:00 pm) and the average daily efficiency has been recorded.

Table 1. DEV of SOCOS [13,21]

DPs values
Transmittance of the glass cover, 7. 0.88
Thermal conductivity of plate, k,(W/mK) 48.5
Number of glass cover 1
Ambient temperature, (°C) 24
Absorber emissivity, &, 0.17
The absorber plate's absorption capacity, a 0.95
Insulator thermal conductivity, k; (W/m°C) 0.035
Absorber plate surface area, Ay (m?) 0.16
First or second Reflector surface area, Ag (m?) 0.15
Insulator thickness, L; (m) 0.05
First or second Reflector tilt angle, @1 or ¢2 (°) | 105

According to Fig.2, it is noted that the reflectors tilt angles
have a great influence on the evolution of the SOCOS
efficiency. In fact, by changing the reflectors tilt angles, the
efficiency can vary between 42% and 74%.

4 Global optimum |-

754

Average Daily efficiency (%)

. =160
s 120
120 20

Second reflector tilt angle (°)

20 &0

First reflector tilt angle (%)

30 40

Fig 2. Evolution of SOCOS efficiency as function of
reflectors tilt angle

This large variation in term of efficiency prove the high
sensibility of the SOCOS efficiency to reflectors tilt angles. In
fact, a small variation in the first or second reflector tilt angle
contribute to a large variation of the solar cooker efficiency.
Moreover, as function of first and second reflector tilt angles,
we can find several local or global optimum in term of SOCOS
efficiency as presented in figure 2.

On the other hand, the impact of the second reflector
dimension on the evolution of the SCS efficiency has been
presented in figure 3. In fact, the following figure illustrate the
efficiency evolution as function of the second reflector's size
(length and width). It is noted that the efficiency of the SCS is
increased by increasing the reflector's size. In fact, the amount
of solar energy reflected from the reflectors to the SCS box
grows as the reflector surface area increases.

Average Daily efficiency (%)

2007
Second reflector
width (mm)

e 300
300 55 400

Second reflector length (mm)

Fig 3. Efficiency evolution as function of second
reflector dimensions

Fig. 4.a shows that as the absorber plate surface area grows,
the energy efficiency also rises. This is because the amount of
useful energy increases by increasing the absorber plate
surface area. Moreover, Fig. 4.b shows the effect of the
insulator thickness on the SOCOS efficiency. It is noted that
the increase of insulation thickness leads to an increase in
efficiency especially in the insulation thickness range of 0.002
to 0.01lm. Moreover, the SOCQOS's efficiency slightly
increased as the insulation thickness increased from 0.01 to
0.05 m. In fact, the increase of thermal insulation thickness
would reduce heat losses and enhance the SOCQOS's efficiency

Average daily efficiency (%)

- 'h}

Average daily efficiency [3)

Fig 4. Efficiency evolution as function of: a) Absorber
surface area b) insulator thickness
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It is clear that a small variation of the DEV influences the
efficiency of the SOCOS. Thus, it is important to find the
optimal DEV through a design optimization of the box type
SOCOS

4.2. Formulation of the optimization problem

The best SOCOS DEV combination set that maximizes
the energetic efficiency (fitness function) is sought after. The
variable DEV are defined in specific search domains (SD) as
given in table 2. The formulation of the optimization problem
can be given by:

Maximize n
Under constraint: (14)
DEV € SD
Table 2. SD of the DEV
DEV SD
First and Second Reflector length, [0.1, 0.5]
Lr1l and Lr2 (m)
First and Second Reflector width [0.1, 0.3]
Irl and lr2 (m)
First and Second Reflector tilt angle, [30, 160]
@land @2 (°)
Absorber plate surface area, Ay (m2) [0.01, 0.16]
Insulator thickness, L; (m) [0.002,0.05]
The MOCM, will be utilized to resolve the

aforementioned optimization design problem.
4.3. MOCM approach

Recently, Bilel et al. [25] developed a stochastic MOCM that
was influenced by imperialist competition.

This algorithm integrates the attraction and repulsion
operators in order to obtain the best compromise between
convergence and diversity. These operators are guaranteed by
the multi-points crossover and the random replacement
mutation concepts [25]. Moreover, the fast non-dominated
sorting approach is used to find the non-dominated solutions
forming the Pareto front. Figure 5 shows the flowchart of the
MOCM. The MOCM begins with a generation of an initial
population randomly. Each element of the population is a
country. The most powerful country is called “imperialist”.
The remaining countries are considered as “colonies”. The
normalized cost of the nth imperialist is given by [25].

C, =max{Cost; } —Cost, (15)
r f —f.bES[
Costn = Z|]'n—J (16)

2 max _ £min
= S

where Cost; and Cost, are the cost of the ith and the nth

imperialist, respectively. r is the number of objective
functions and f;, is the value of the objective function j for

the imperialist n. f™ and fj”““ are maximum and minimum

values of the objective function j in each iteration,
respectively. fjbeST is the minimum or the maximum of the

objective function according to the optimization process.

The normalized power of nth imperialist is calculated as:

p (17)

Due to imperialists’ powers, the colonies of the initial
population are divided among them to form the initial empires.
Each initial empire is composed of one imperialist and several
colonies.

Initialize the countries and
form the empires

A

Assimilation of colonies e

Exchange colony and
imperialist positions

¥

Storing the Pareto optimal
solutions

Display the Pareto optimal
solutions

Compute the cost of all
empires

L 4

Start the imperialistic
Competition

£

Yes

No

Eliminate the empire

Fig 5. MOCM flowchart
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After forming the initial empires, the colonies start moving
towards their relevant powerful imperialist (Figure 6a). In this
movement, 6 and X are numbers generated uniformly X ~

U(0,pxd) and 6 ~ U(-y,y). d is the distance between the
imperialist and the colony and B must be greater than 1. y is
a parameter representing the direction deviation[25,27]

Weakest colony in
weaker empire

b)

Fig 6. Enhancement of countries characteristics;
a) Assimilation b) competition

During the imperialists competition all empires, based on their
power, try to acquire the weakest colonies of other weak
empires (as depicted in Figure 6b). The weakest empires lose
their colonies and collapse. The MOICA algorithm stops when
all the weak empires collapse except the powerful one [25].

5. Results of the Design Optimization

Figure 7 exhibits the optimization results as well as the
evolution of the optimal SOCOS efficiency as function of
iteration numbers.

- : : -
5 e em mm o = mm = = =
B
70 L ~ i
£ 7/
= 65| E
!
S 60k
£ 1
g ss5t | J
g
S so !
&
o I
“ as| ]
I
10 4
35 1 1 L 1 1 1 L 1
0 100 200 300 400 500 600 700 800

Number of iterations

Fig 7. Optimization results

It is crucial to retain that the MOCM required eight hundred
trials to find the optimal SCOS solution. The aforementioned
design optimization represents the set of suitable
DEV offering the highest possible SOCOS efficiency.
Information about the optimal DEV is detailed in Table 3.

Table 3. The optimal DEV

Optimal DEV value
First and Second Reflector lengths, 500
Lrland Lr2 (mm)
First and Second Reflector width 300
Irl and lr2 (mm)
First and Second Reflector tilt angle, 120
@land @2 (°)
Absorber plate surface area, Ay (m?) 0.16
Insulator thickness, L; (m) 0.05
SOCOS maximum Efficiency (%) 74.93

The optimal SOCOS construction permits a highest efficacy
of 74.93%, as shown in the table above. In Fig. 8, we show the
evolution of the SOCOS efficiency during 10/2/ 2023 (from
8:00 to 16:00h). The same figure illustrates also the evolution
of SOCOS efficiency as function of first and second reflectors
time angles. It is noted that the maximum efficiency is
obtained at midday and with 1200 for both first and second
reflectors tilt angles. To ensure the maximum hourly
efficiency, the first and second reflector tilt angles should be
90 and 1500, respectively, at 8 am. After that, we should rotate
both reflectors tilt angles by 7.50 degrees clockwise every
hour. At 4 pm, the tilt angles of the first and second reflectors
become 150 and 90°, respectively.

120
12 lzio,
05

45 il

ZMiciency (%)
L
L]

72 )
8 9 10 1" 12 13 14 15 16
Time (hour)

Fig 8. SOCOS's optimum efficiency-to-time tradeoff

The same optimization attempt was carried out on February
15, 2023, and February 20, 2023. Comparable outcomes in
regards to SOCQS efficiency and optimal DEV were found.
The efficiency values obtained on 15 and 20 February,
respectively, are 74.94% and 74.97%, with identical
optimized DEV (Table 3). For more detail, Figure 9 illustrates
the evolution of plate and water temperatures on February 10,
15, and 20, 2023. It is noted that the behavior of the water and
plate temperatures over time is comparable. Moreover, the
water's temperature is lower than the plate ones. This is due to
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the energy loses of the SOCOS. Furthermore, the reached
plate temperatures were between 120°C and 133 °C. The
water temperature will range from 80°C to 96°C.

140

= Tw

120

C
N
o
S

(o]
o
T

Temperature (°C)

[}
o
T

40

20L . . . . . . .
8 9 10 11 12 13 14 15 16
Time (hours)

a)

140

N
N
o

C
N
=)
S

@
o
T

Temperature (°C)

60

40

20 . . . . . . .
8 9 10 1" 12 13 14 15 16

Time (hours)
b)
- Tw |
—Tp
\ 4
“~

Temperature (°C)

20

8 é 16 1‘1 1‘2 1‘3 1I4 1I5 16
Time (hours)
c)
Fig 9. Evolution of water and plate temperatures;
a) 10/2/ 2023 b) 15/2/ 2023 C) 20/2/ 2023

6. Experimental Setup and procedure

The SOCOS was constructed utilizing the components
shown in table 4 depending on the optimal DEV.

Fig. 10 displays the manufactured SOCOS in full view.

The experimental tests on the SOCOS were carried out during
the successive days 10, 15, and 20, February 2023. Each
experiment starts from 8 am to 16 pm in the afternoon.
Readings were taken every 30 minutes’ time interval to
observe changes in temperature and also the variation of the
SOCOS efficiency. The SOCOS was placed in an open space
which is subjected to the sun light all the time in the college
of engineering at the university of Qassim, Saudi Arabia (26°
5' 38.7168" N). Two K type thermocouples were installed at
different location on SOCOS. These locations are: water
inside the pot and the absorber plate.

Table 4. SOCOS components

Item Material Item Material
Absorber plate | Mild steel | Reflector 1 | Glass
External box Wood Reflector 2 | Glass
Transparent Glass Insulator Glass wool
cover

Fig 10. The fabricated SOCOS

6.1. Experimental results

The obtained experimental results of plate temperature, are
illustrated in Figure 11. For comparison reasons, we present
also in the same figure the optimization results of plate
temperature.

Figure 12 illustrate the obtained experimental and
optimization results in term of water temperature.

6.2. Comparison between optimization and experimental
results

The relative error between optimal and experimental results
can be given by [28,29]:

E=|M| (18)

pexp
Where F,,, and P,,, represent the SOCOS performances

(Temperature or efficiency) obtained experimentally and by
optimization, respectively.
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Absorber plate Temperature (°C)

Water Temperature (°C)
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Fig 11. Plates temperatures acquired through optimization and experimentation
a) 10/2/ 2023 b) 15/2/ 2023 c) 20/2/ 2023
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The error between experimental and optimal results in terms
of plates and water temperatures are summarized in Table 5.
Moreover, Table 6 compares the efficiency acquired through
optimization to the ones acquired through experimentation.

Table 5. Comparison results in terms of temperatures

Date Tempe- | Maximum | Average
rature E (%) E (%)
10/2/2023 | Tp (°C) 5.76 3.87
Tw (°C) 5.33 3.64
15/2/2023 | Tp (°C) 4.88 3.32
Tw (°C) 5.76 3.78
20/2/2023 | Tp (°C) 6.44 418
Tw (°C) 5.21 3.52

Table 6. Comparison results in terms of efficiency

Date Optimization | Experimental | E(%)
10/2/2023 74.93 77.56 35
15/2/2023 74.94 77.32 3.2
20/2/2023 74.97 77.12 3.03

From Tables 5 and 6, one can note that the relative error
between SOCOS performances (efficiency and temperature)
obtained experimentally and those founded with optimization
do not exceed 4.5 %. Therefore, the obtained results are in
agreement, which validates the developed optimization
through MOCM and the adopted hypotheses.

6.3. Comparison of the obtained findings with literature

To confirm the efficacy of the proposed SOCOS, their
performances are also compared with the literature ones in
Table 7. This comparison has been conducted in terms of
maximum SOCOS efficiency and the efficiencies' error to
experimental results. It is noted from Table 7, that the
proposed SOCOS provides the maximum efficiency value
compared to literature ones and the minimum error to
experimental findings. This comparison proves the
consistency of the proposed SOCOS and the importance of the
adopted design optimization methodology.

Table 7. Comparison of SOCQOS efficiency with literatures

Performance Maximum E(%)
efficiency (%)

Nejlaoui et al. [15] 59.88 22.35

Clement et al. [9] 40.3 47.7

Wassie et al. [21] 67.7 12.21

Kakar et al. [16] 31.58 59.05

This work 74.97 3.03

Several foods have been cooked using the proposed SOCOS.
The preparation times for various items are listed in Table 8.
At least twice during these investigations, The SOCOS was
opened in order to remove the pots containing the fully cooked
food.

Table 8. The period of time needed for cooking certain foods

Food Weight (g) | Cooking time (hours)
Macaroni 250 1h 33min
Rice 250 1h 21min
Potatoes 250 1h 13min
Eggs (three) 1h 09min
Meat 250 2h 12min
Chicken 250 1h 48min

Figure 13 shows photos of a pot of rice as an example of food
that has been cooked both before and after cooking.

b)
Figure 13. A pot of cooked rice by using SOCOS
a) Before cooking b) After cooking

The optimized and test results above stated that small SOCOS
might be used instead of electrically or gas-powered cookers
in the Qassim region of Saudi Arabia in order to reduce the
amount of both gasoline and electricity utilized there.
Moreover, the proposed SOCOS can replace the traditional
cooking method with firewood in towns and villages. The
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proposed SOCOS can represent an environmentally friendly
alternative to the significant reliance on fuels and anticipated
environmental harm (climate change, release of greenhouse
gases and deforestation)

7. Conclusion

The conceptual optimization, fabrication and
experimental investigation of a SOCQOS were provided in this
paper. The sensitivity of the SOCQOS efficiency to various
DEV, such as insulation depth, absorption plate area,
reflectors tilt angles, and reflectors sizes, was examined. The
MOCM, recently published in literature, was used to carry out
the optimization phase. The optimal results represented the
best set of DEV that would maximize the energetic efficiency
of the SOCOS. Based on the identified optimal DEV, a
SOCOS experimental apparatus has been built and tested in
Saudi Arabia at Unaizah-Qassim. The comparison results
revealed a strong correlation between the optimized and
experimental results with a relative error less than 5%. It is
noted that the highest possible SOCOS efficiency can be
reached at midday with 120° for both first and second
reflectors tilt angles. Furthermore, it was also noted that the
SOCOS efficiency was significantly impacted by a rise of
insulating thicknesses from 0.002 to 0.01 m. However, the
SOCOS efficiency show a slight enhancement as the
insulating depth increased from 0.01 to 0.05 m.

The findings of this study demonstrated that the
suggested SOCOS may successfully replace conventional
cooking techniques, which pose a major threat to both people
and the environment. In this work, we have considered the
DEV at their nominal values (no variations in manufacturing,
geometry, and material properties). In a future work, the
robust optimization of the SOCOS under uncertain DEV will
be investigated.
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