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This study investigated the influence of a biomass additive on the thermal performance of
the inner liner of fired-clay cook-stoves. Fired-clay cook-stoves are essential cooking
devices, particularly in areas with limited access to modern energy resources. The study
aimed to enhance the thermal efficiency of the cook-stoves by incorporating rice husk into
the inner liner material. The shrinkage, porosity, bulk density, thermal conductivity and
heat retention performance of the produced fired-clay were evaluated. Different
proportions of rice husk mixed with clay were examined to determine the desired
combinations. It was found that the sample with 30% rice husk has apparent porosity of
71.41% and bulk density of 0.995343g/cm® and that of the sample with no rice husk, was
41.38% and 1.526922g/cm’ respectively. The results indicated improvement in thermal
insulation performance with the rice husk additive, and thus improved combustion
efficiency of the cook-stove. This study offered a valuable insight in using rice husk as a
sustainable biomass additive to enhance insulation performance of a fired-clay for
producing cook-stoves, thereby contributing in producing a more efficient and
environmentally friendly cooking device. The use of rice husk as a biomass additive offers
additional environmental benefits, as such re-purposing the use of agricultural waste and
emission mitigation of greenhouse gases.

1. Introduction

inner liner of a cook-stove are clay-based materials, deciding the
best performing clay mixtures in respect to its thermal resistance

Millions of people around the world, especially in the
developing countries, still depend on open-fire and three-stone
stoves that depend on biomass fuels for heating and cooking [1].
However, the development of cook-stoves has changed over the
past few decades with modifications from the three-stone fire to
better efficient cook-stoves with good aesthetic and quality
insulation materials. The cook-stoves with a much better thermal
efficiency are expensive due to high quality materials and
insulators used by the manufacturers, though they tend to have
improved performance efficiency [2]. The need for more efficient
cook-stoves is on the rise and much effort to modify the previous
ones aimed at improving the thermal performance and reducing
emission. Since most insulation materials used for producing the
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is essential to improve insulation performance of cook-stoves.
Heat is always lost from the body of cook-stoves by conduction
and radiation, thus it is necessary to make use of proper insulation
to help reduce heat loss.

Cook stoves are designed to increase fuel efficiency and reduce
smoke alongside the pollution emissions due to poor fuel
combustion efficiency. Improving the insulating part of the inner
liner cook-stove reduces the amount of fuel used and improves the
quality of heat transferred to the cooking pot [3]. Improved cook-
stoves design focused on the approach to increase combustion and
insulating efficiencies through a series of design structures. Heat
transfer quality in a stove indicates the extent of thermal energy
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absorbed by the cooking pot compared to the amount of thermal
energy released during the combustion processes and the level of
insulation of the inner liner. The combustion efficiency and
thermal performance of cook-stoves are key factors in ensuring
their energy conservation and minimizing their environmental
impact [4]. The inner liner of a cook stove plays a vital role in
improving the combustion efficiency and thermal performance of
energy efficient cook-stoves, making it essential to investigate how
to improve the insulation performance of the inner liner of cook-
stoves. Adding combustible organic pore-forming additives in the
clay body can improve the insulation performance by creating
porosity in the clay body when they are burnt off during firing [5].
The pore-formers can also help to reduce the heat absorbed by the
liner and modify other properties like water absorption, thermal
performance and density. The possibility of using straw and reed
residue generated during bleached pulp production was
determined during clay brick formation. It was seen that besides
the composition of the additive, it also depends on the clay body’s
porosity and internal structure and also the thermal conductivity is
determined by the clay body [6].

In [7], the authors carried out some laboratory tests on samples
made of brick clay with up to 30% volume of sawdust and/or
paper-making sludge as pore-forming agents. During firing, it was
observed that the sawdust and the sludge helped to reinforce the
structure of the body and prevented cracking. A very porous
structure was then obtained after firing at a temperature of up to
920°C [2]. Also, determination of the water absorption, porosity,
bulk density and compressive strength of the fired samples were
achieved. Incorporating biomass particles into the clay mixture
could be envisaged in creating voids during the firing process, and
thus modifying clay properties was seen to improve the structure
and properties of clay. Making ceramic materials lighter by
creating air cavities was found to be the most effective way of
increasing thermal technical properties. In [8], the authors found
that cook-stoves enhanced with biomass additives saved 35-50%
on fuel compared to other conventional stoves, lowering household
expenses. Each family might save up to 300 kg of fuel each year
as a result of this and cook in a much healthier environment. In [9],
the authors evaluated the improved biomass cookstove by
considering the water boiling test, and the results indicate that the
thermal efficiency for boiling 5 L of water was 25%. In [10], the
researchers state that coffee husk pellets, which is a byproduct
gotten from the waste coffee husk production considered as a very
potential solid fuel. They further evaluated stoves with hole system
design by considering the Water Boiling Test (WBT) and emission
test. The results showed that 16.47 % and 298 ppm were the
maximum thermal efficiency and CO emissions respectively.

From the above studies, there is a paucity of published
information on the thermal and insulation performance of cook-
stoves based on the material used in producing the combustion
chamber inner liner and biomass additives in the clay material.
This work focused on addressing the insulation performance of the
inner liner of a biomass cook-stove. The heat lost from the inner
liner of a cook-stove during fuel combustion can reduce the overall
efficiency of the stove. Biomass additives can have various
influences on the production and performance of the combustion
chamber in a cook-stove. Thus, the influence of biomass additives
(such as rice husk in this case) in improving the insulation
performance of fired clay for production of the inner liner of a
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cook-stove are investigated in this study to reduce heat losses and
improve the insulation performance of the cook-stove. Different
mixtures of clay materials (ball clay, kaolin) and a biomass
additive (such as rice husk) are used in this study to obtain the
mixture compositions that could be used to produce the inner liner
with improved insulation performance of the cook-stove.

2. Materials and Methods

The materials used in this study are the metal boxes used to
mold the mixed clay, kaolin and rice husk into a rectangular shape,
the LPG cylinder used for firing the samples in the kiln, the kiln
used for firing the formed samples. The infrared thermometer
device was used to measure temperature at a distance, without
touching the object.

2.1. Clay and Rice Husk Preparation

The ball clay and kaolin used for this study were gotten from
the National Stove Eligibility Laboratory (NSEL) in the National
Center for Energy Research Development (NCERD), University
of Nigeria, Nsukka (UNN) and the rice husk from a rice mill in
Enugu state, Nigeria. The ball clay was first crushed into fine
powder and dirt removed. The rice husk was sieved to obtain a
uniform particle sizes and dirt removed. All the samples were mixed
in varyingratios summing up to 300g for each sample.

2.2. Samples Preparation

The ball clay, kaolin, and rice husk were mixed to form the
samples (S). Tables 1 to 4 are the percentage by weight
composition mixture of the clay (C), kaolin (K), and the biomass
additive (rice husk,R). For each of the mixtures, water was added
to create plasticity and molded using rectangular metal molds with
dimensions of 11cmlength, 8cm breadth and 3cm thickness. The
weights of the samples after moulding, after sun drying and after
firing in the kiln, and % weight loss after firing samples are
presented in Tables 1 to 4.

Table 1: Samples mixed with 0% Rice husk (R)

Sample (S) S1 S2 S3 S4
Mixture of Rice husk (R), 40%C, 30%C, 20%C, 10%C,
Clay (C) and Kaolin (K) 60%K, 70%K, | 80%K, 90%K,
0%R 0%R 0%R 0%R
Weight after moulding (g) | 372.7 391.9 382.4 389.5
Weight after sun drying 281.5 288.3 283.9 287.9
(&
Weight after firing (g) 2453 250.4 244 248.5
Weight loss (%) 34.18 36.11 36.19 36.20
Table 2: Samples mixed with %10 Rice husk (R)
Sample (S) S5 S6 S7 S8
Mixture of Rice husk (R), 35%C, 25%C, 15%C, 5%C,
Clay (C) and Kaolin (K) 65%K, 65%K, 75%K, | 85%K,
10%R 10%R 10%R 10%R
Weight after moulding (g) 386.2 397.4 393.1 389.8
Weight after sun drying (g) 285.2 295.5 288.6 286.1
Weight after firing (g) in the 231.5 238.7 232.1 228.6
kiln
Weight loss (%) 40.06 39.93 40.96 41.35
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Table 3: Samples mixed with 20% Rice husk (R)

Sample (S) S9 S10 S11 S12
Mixture of Rice husk (R), 30% C, 20% C, 10% C, | 0% C,
Clay (C) and Kaolin (K) 50% K, 60% K, 70% K, | 80%K,
20% R 20% R 20%R | 20%R
Weight after moulding (g) 399.9 397.4 396.1 394.1
Weight after sun drying (g) 291.7 288.0 288.2 287.5
Weight after firing (g) in the 220.5 215.0 2149 212.7
kiln
Weight loss (%) 44.86 45.90 45.75 46.03

Table 4: Samples mixed with 30% Rice husk (R)

Sample (S) S13 S14 S15 S16
Mixture of Rice husk (R), 25% C, 15% C, 5% C, 0% C,
Clay (C) and Kaolin (K) 45% K, 55%K, 65% K, | 70%K,
30% R 30%R 30%R | 30%R
Weight after moulding (g) 409.8 401.9 402.7 404.7
Weight after sun drying (g) 287.2 294.2 297.0 291.3
Weight after firing (g) in the 195.2 200.2 203.1 198.8
kiln
Weight loss (%) 52.37 50.19 49.56 50.88

The produced samples were sun dried for two weeks, after
which they were fired using a LPG fired kiln shown in Figure 1.
The mini kiln insulated with ceramic fiber was developed at the
NCERD, UNN. The firing process in the kiln was done in three
stages.

Figure 2: The gas inlet part of the kiln and the kiln not yet completely closed

Stage 1 is the preheating, which involved raising the
temperature of the kiln to less than 100°C, while leaving the door
of the kiln opened as shown in Figure 1, for 2 hours to gradually
drive off the moisture still trapped in the samples, which would
cause busting during firing of the samples.
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Figure 3: Firing stage of the samples in the kiln

Figure 4: Sampls after 6 hrs firing in the kiln and allowed to cool over the next
day

At stage 2, the door of the kiln was further lowered, but not
completely closed as shown in Figure 2 and the temperature rose
to above 100°C for 1 hour to ensure that any remaining moisture
in the samples had completely evaporated. After preheating, (i.e.
at stage 3), the door of the kiln was completely closed. As shown
by the red hot colour inside of the kiln in Figure 3, the temperature
inside the kiln gradually increased to about 1000°C to 1300°C,
which is the firing temperature range for 6 hours. At this
temperature, the pore forming agents (ie. rice husk) had burnt
completely and pores are formed. After the 6 hours firing, the gas
supply was turned off and the samples were allowed to cool inside
the kiln until room temperature was achieved on the next day. This
was to prevent thermal shock, which could occur where a material
experiences abrupt change in temperature and developed stresses
and strains in their internal structure, that could cause cracking.
Figure 4 shows the fired samples that were removed from the kiln
on the next day and kept in an open air environment.

2.3. Fired Sample Shrinkage

Even though the samples appeared very dry after the sun
drying, but they still contain some water, the chemically bonded
water and the residual moisture. During the firing stage, this water
was burnt out, thereby make the samples to shrink. Also, during
the firing, the rice husk in the samples also burnt out, making the
samples to shrink further. The shrinkage of the fired samples was
determined by measuring their dimensions before and after firing
them in the kiln. The percentage shrinkage is calculated based on
Equation (1).
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. . D,-D
Fired shrinkage (%) = "D—l x100 )

o

D, = dimension after sun drying, D; = dimension after firing. The
dimensions include length, breadth and thickness.

2.4. Porosity and Bulk density

After firing, the rice husk had burnt out completely and created
pores in the internal structure of the samples. The porosity and bulk
density tests were carried out by immersing each of the samples in
a bowl with one liter of water as shown in Figure 5 and leaving it
for 15 minutes to absorb water into the pores.

Figure 5: Samples submerged in water

Figure 6: Wet samples being weighed

After 15 minutes, the sample was taken out of the water and
weighed as shown in Figure 6 to get the saturated weight. The
porosity measures the volume of pore spaces formed within the
material, and an increase in porosity means there are more empty
spaces within the sample. The bulk density on the other hand
measures the weight of the solid per unit volume, including both
solids and pores. The porosity and bulk density of the samples are
determined based on Equations (2) and (3) respectively.

Apparent porosity, P(%) = w-D %100 2)

w—

where w = saturated weight, D = dried weight, S = suspended
weight.
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Bulk density, p = % 3)

where W = dry weight, V = Volume of sample = LxBxH
2.5. Thermal Conductivity Test

For the purpose of determining the thermal conductivity of the
samples, the following procedures were carried out. As shown in
Figure 7, each sample was wrapped with ceramic fiber on the four
sides to prevent the heat losses from those sides to the surrounding,
and instead the heat be directed vertically upwards to the outer
surface of the sample. The unwrapped surface of each sample was
in turn placed on a hot plate with a steady heat supply at 450°C, to
allow heat transfer through the surface in direct contact with the
hot plate to the outer surface exposed to the ambient air. After
every 5 minutes, the temperature of the outer surface exposed to
the ambient air was measured using aninfrared thermometer until
a steady state was reached. The temperatures were recorded in
order to determine the thermal conductivity of the respective
samples.

Hot plate

Ceramic fibre

Produced Sample
under test

Figure 7: Thermal conductivity test set-up

The thermal conductivity [11] of the samples was determined
based on Equation 4.

o OxAx
Thermal conductivity, k = =——— 4)
AxAT

where Q = quantity of heat transferred,
Ax = distance between two isothermal planes,
A= surface area of each sample,

AT = temperature difference

Equation 4 gives the first order approximation in determining
thermal conductivity of the samples, which is very essential
considering the complex differential equations prior to numerical
modelling. The sample material properties were assumed constant
and independent of temperature.

3. Results and Discussion
The design and structure of the inner liner of cook stoves are to
minimize heat loss to the surrounding and to improve the thermal

efficiency. The samples made of clay, kaolin, with rice husk as a
biomass additive were fired in a kiln to determine the mixture

72


https://www.astesj.com/

L F. Okafor et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 11, No. 1, 69-77 (2026)

composition that could minimize heat loss and improve the thermal
efficiency of cook-stoves. In this section, the shrinkage, porosity,
bulk density and thermal conductivity tests results of the sample
are analyzed.

3.1. Shrinkage and Breadth

Clay shrinks when dried and fired because of the organic
materials that burnt out at high temperature forming pores, leading
to loss in dimensions and weight. The amount of shrinkage
depends on the type of clay in use. In depth understanding of how
clay shrinks is an important factor when taking the final size of the
product into consideration. The influence of biomass additive on
the shrinkage and weight loss after firing the considered sample
mixtures of clay, kaolin and rice husk in Tables 1 to 4 are presented
in Figures 8 to 12.

12 r Length shrinkage
11
10.8 |
'EID.S 5
L
£104 |
<
S102 |
10 |

9.8 |

9.6
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Samples 1 to 16
M Length befor firing after sun drying M Length after firing

Figure 8: Length shrinkage of the samples

Figure 8 shows the influence of the rice husk additive on the
length shrinkage of the fired samples. As expected, it can be seen
the length of the samples shrunk after firing in the kiln depending
on the quantity of the additive added in the mixture.

e Breadth shrinkage

Breath (cm)
N N N N N
B (%} [+)] ~ [o:]
L) L) L) L) L)

o~
w
L)

-
)

1 2 3 4 5 6 7 8 9 10 11

Samples 1to 16
M Breath before firing

12 13 14 15 16

M Breath after firing

Figure 9: Breadth shrinkage of the samples

Figure 9 shows the influence of the rice husk additive on the
breadth shrinkage of the samples. It can be observed that the breath
of the samples decreased after firing due to the different
percentages of the added additive that burnt out at high temperature
of the kiln.
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Thickness shrinkage
25 b
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Thickness (cm)
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12 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Samples 1 to 16

M Thickness before firing M Thickness after firing

Figure 10: Thickness shrinkage of the samples

Figure 10 shows the influence of the additive on the thickness
shrinkage of the fired samples. It can be seen that the thickness also
shrunk after firing the samples in the kiln.

20

% shrinkage of the samples

[y
v
T

% Shrinkage
=
o
T

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Samples 1to 16

M Length shrinkage (%) M Breath shrinkage (%) M Thickness shrinkage (%)
Figure 11: % Shrinkage of the samples

Figure 11 compared the shrinkage effect on the length, breath
and thickness of the samples. It can be observed that the shrinkage
affected the thickness more than the case of the length and breath
of the samples.

Average shrinkage (%)

Ave. shrinkage (%)

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16
B Ave. % shrinkage of the samples 1 to 16

Figure 12: Average shrinkage of the samples

Figure 12 shows that the shrinkage are different for different
proportion of the additive added in the samples.
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Weigth of samples (g)
N
8

g

o &

1 2 3 4 5 6 7 8 9
Samples 1to 16

10 11 12 13 14 15 16

M Weight after moulding(g) M Weight after drying (g) I Weight after firing (g)
Figure 13: Weight of samples before and after firing

Figure 13 shows that weights of the samples are different and
decreased after firing due to the different percentages of the rice
husk additive that burnt out at high temperature of the kiln.

60
50 Weight loss for the samples 1 to 16
40

30

% Weight loss

20

10

1 2 3 4 5 6 7 8 9
M Weight loss for the samples 1 to 16

10 11 12 13 14 15 16

Figure 14: Weight loss of the samples

Figure 14 shows that samples with 30% rice husk lost more
weight compared to those with 20%, 10% and 0% rice husk
additive. The samples with 30% rice husk lost about half of its
weight, while those without rice husk lost only about 35%. This
result is in agreement with that of Arthur [12]. It confirms that, the
higher the shrinkage, the denser and less porous the material. They
observed relatively higher values of firing shrinkage with
decreasing amount of additives may be attributed to conversion of
additives into ashes.

3.2. Porosity and Bulk Density of the Samples

Porosity is an important factor in determining the heat
conduction through the clay samples. Samples with high porosity
often have a low thermal conductivity and hence better insulation.
Also, such samples possess a low bulk density, which reduces the
overall weight.
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w
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Apprent porosity (%)
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W Apprent porosity of samples 1 to 16
Figure 15: Apparent porosity the samples
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Figure 15 show the influence of the rice husk additive on the
porosity of the samples considered in this study. It indicates that
the porosity increased with an increase in the percentage of rice
husk in the samples (Si to Si).

16 r
1.4

3
-
N

Bulk density (g/m3)

e o 9 ©
o N B O ® m

10 11 12 13 14 15 16

4 5 6 7 8 9
M Bulk density of samples 1 to 16

Figurel6: Bulk density of the samples

Figure 16 shows the influence of the rice husk additive on the
bulk density of the samples. It can be observed that the bulk density
of the samples decreased with the increase in the percentage of rice
husk in the samples (S14= 0% rice husk, Ss.s = 10% rice husk, So.
12=20% rice husk, to Si3.16 = 30% rice husk,).

75 -
70
65
60
55
50
45
40
35 A
30 -
25 1 1 1 1 1 1

0 5 10 15 20 25 30

% of Rice husk in samples 1 to 16
Figure 17: Influence of % rice husk on the % apparent porosity of the sample
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S4, 5,512, 516

Apparent porosity (%)

Figure 17 shows an increase in the porosity of the samples as
the percentage of the rice husk increased. This indicates that the
bulk density is indirectly proportional to the percentage of rice
husk additive in the sample.
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Figure 18: Influence of % rice husk on the bulk density of the samples
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Figure 18 shows a decrease in the bulk density of the samples
as the percentage of the rice husk increased. From Figure 17, Sis
which has 30% rice husk has a higher porosity value (71.41%) than
Ss (45.08%) which has 10% rice husk. This result is in line with
the tests carried out by [13] and [14] on the effect of rice husk and
rice husk ash on properties of clay bricks, which indicated that the
porosity increased from 21% to 64% and bulk density decreased
from 1.78g/cm? to 0.73g/cm? as the percentage of rice husk in the
sample increased from 0% to 30%. Also in [15] and [16], the
authors worked porosity tests and found that the apparent porosity
of the clay was 15.38% while those with the additives were 23.91,
34.09, 44.89, and 42.85 for 5%, 10%, 15% and 20% respectively.

3.3. Thermal Conductivity of the Samples

Thermal conductivity tests are important for insulation
applications where thermal gradients dictate the use of a material
for refractory applications. Thermal conductivity depends not only
on the properties of clay but also on the geometry and quantity of
the additives. Figure 19 shows the influence of percentage (%) by
weight of rice husk additive on the thermal conductivity of the
samples (Si to Si6), based on the procedure presented in Figure 7.
For all the tested samples, the value of thermal conductivity is
lower with the higher percentage of the rice husk additive, which
is in line with work of Arthur [12].

0.14
0.12
0.1

0.08

Thermal conductivity (W/mK)

1 2 3 4 5 6 7 8 9
M Samples 1 to 16

10 11 12 13 14 15 16

Figure 19: Influence of % rice husk on the thermal conductivity of the samples

This can be due to the increase in pores arising from the
burning off the additive that created pores in the internal structure
of the samples. This reduces the heat flow rate in a porous medium
causing a decrease in thermal conductivity of the samples. As such,
the percentage increase in the rice husk additive improves the
sample’s thermal insulating properties as more pores were created
in the micro-structure of the samples. This indicates that the
mixture of clay and kaolin with rice husk is more insulating than
the unreinforced clay, since the rice husk is primarily responsible
for creating the thermally insulating pores.

Figures 20 to 23 show the temperature variations at interval of
5 minutes where the considered samples with 0%, 10%, 20% and
30% of rice husk additives where subjected to a steady heating for
25 minutes during the thermal conductivity tests experiment
presented in Figure 7.
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Figure 20: Temperature rise for samples with 0% rice husk
Figure 20 shows the temperature rise for the samples case with

0%, of rice husk additive subjected to a steady heating for 25
minutes.

200 r 10% Rice husk
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g 150 |
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Figure 21: Temperature rise for samples with 10% rice husk

Figure 21 shows the temperature rise for the sample case with
10%, of rice husk additive subjected to a steady heating for 25
minutes.

200
20% Rice hust

150

S1=30% C, 50% B, 20%R
100
S2=20% C, 60% B, 20%R

50 ® S;=10% C, 70% B, 20%R

Temperaure rise (K)

® S,= 0% C, 80% B, 20%R

L L J
0 5 10 15 20 25
Time (mins)

Figure 22: Temperature rise for samples with 20% rice husk.

Figure 22 shows the temperature rise for the sample case with
20%, of rice husk additive subjected to a steady heating for 25
minutes.
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Figure 23: Temperature rise for samples with 30% rice husk

Figure 23 shows the temperature rise for the sample case with
30%, of rice husk additive subjected to a steady heating for 25
minutes. It can be observed from Figures 20 to 23 that the
temperature of the samples with 0%, 10%, 20% and 30% rice husk
additives increased steadily till they reached steady state at
approximately 25 minutes. It can also be observed that the
temperature of the samples decreased with an increase in the
percentage (%) of rice husk additive in the samples. Figures 20 to
23 also showed different thermal performance capability of the
samples with the rice husk additives in reducing the heat loss by
conduction across the wall thickness of the samples, if such rice
husk additive is used in producing the inner liner of a biomass
cook-stove. The difference in thermal performance of the samples
could be due to the increase in porosity created by the increase in
the rice husk additive, as well as the micro-structural changes that
occurred when the samples were fired at high temperature.
Obviously, the thermal conductivity value decreases with an
increase in the percentage of the rice husk additive resulting from
the increase in pores created in the micro-structure, which reduces
the heat flow rate in the porous medium, thereby causing a
decrease in thermal conductivity of the samples.

4. Conclusion

The inner liner of a biomass cook-stove is a vital part of the
combustion chamber of a cook-stove. This study has investigated
the influence of rice husk additive on the fired clay and kaolin
mixture to determine the suitable proportion for producing the
inner liner of a cook-stove that improves its insulation performance
and thermal efficiency, and still maintain low bulk density. It was
found that the apparent porosity of the samples increased with an
increase in the rice husk additive and the bulk density decreased.
This indicates that the rice husk is very effective in creating pores
in the produced samples making them more porous and reducing
the bulk density, hence reducing the overall weight. It was also
found that the thermal conductivity of the samples decreased with
an increase in the rice husk additive due to the increase in pores,
which reduces the heat flow rate in a porous medium, and thus
causing a decrease in thermal conductivity of the samples. This
study shows the prospect of using rice husk additive to enhance the
insulation performance of the inner liner of cook-stoves, thereby
contributing in producing a more efficient and environmentally
friendly cooking device.
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