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Abstract: In comparison to a solar cooker, this study examines the energy usage, financial consequences, and
environmental effects of traditional cooking fuels (wood, charcoal, and kerosene) in Maiduguri, Nigeria. For each
fuel source—wood (1,067,008 J), charcoal (1,083,680 J), kerosene (1,083,680 J) and solar cooker (1,075,344 J)—
the energy needed to boil four liters of water was determined. Charcoal (493.98 J/s), firewood (903.07 J/s),
kerosene (1,128.83 J/s) and solar cooker (235.82 J/s) all had corresponding power values that were also
established. It was estimated that the annual cost of using each energy source was N 79,500 for wood, N 79,500
for charcoal, N 91,250 for kerosene, and N 5,000 for solar cookers. These estimates showed significant cost
differences. Even though the solar cooker costs more to build initially (N 5,000), it is a good option in the long run
because it uses less fuel, has a smaller environmental effect and saves a lot of money over time, especially after
two years. In order to promote sustainable and affordable energy solutions in Nigeria, the study emphasizes how
solar cookers can reduce fuel consumption, deforestation, and air pollution. It is advised that more research be
done to examine the variables affecting the uptake of solar cooking technologies and to create plans for
improving energy sustainability in the area.
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1. Introduction

In the global energy landscape, energy consumption is a crucial factor, particularly in developing
nations where it is still difficult to obtain inexpensive, sustainable, and clean energy. Despite their
negative effects on the environment, the economy, and human health, traditional cooking fuels like
wood, charcoal, and kerosene still account for the majority of household energy use in many Nigerian
rural and urban areas. In addition to contributing to air pollution, burning these fuels depletes local
natural resources and makes deforestation worse [1-3]. Alternative energy options that can benefit the
economy and the environment should also be reexamined in light of growing fuel prices and their
detrimental effects on household budgets. In this regard, solar cookers show promise as a way to
lessen dependency on traditional fuels. By using sunlight as the main energy source, solar cooking
technology provides a clean and renewable alternative that can lower household energy costs, reduce
air pollution, and ease the strain on nearby forests [4]. Numerous studies have documented the
potential of solar cookers to lower fuel consumption and increase energy efficiency. The results
indicate that solar cooking can successfully replace conventional fuels, particularly in areas with high
solar insolation [5-7].
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The purpose of this study is to compare the energy needs and expenses of different cooking fuels in
Maiduguri, Borno State, Nigeria, including wood, charcoal, kerosene, and solar cookers. The study aims
to determine which fuel is the most economical and energy-efficient by comparing the energy input
needed to boil four liters of water using each of these fuels. The study also examines the viability of
switching to solar cookers as a sustainable energy source, evaluating their capacity to lessen the
detrimental effects that conventional cooking techniques have on the environment and human health.
Our study intends to advance knowledge of Nigerian energy consumption trends and the contribution
of solar cookers to the development of more sustainable household energy practices.

2. Materials and Method

This study assesses the cost-effectiveness and energy efficiency of several cooking fuels in Maiduguri,
Borno State, Nigeria, using a quantitative methodology. Wood, charcoal, kerosene, and solar energy
are among the fuels being studied; these are typical energy sources for cooking in homes in the area
[8,9]. A controlled experimental design serves as the framework for the methodology, which measures
the amount of energy needed to boil four liters of water using each fuel. Due to their extensive usage
in Nigerian homes, the four cooking fuels were chosen: wood is a traditional cooking fuel, especially in
rural regions [10]. In cities, charcoal is a fuel that is frequently used [11]. A common liquid fuel for
kerosene stoves is kerosene [12]. According to Saranga et al, (2024), solar energy is a renewable energy
source that can be used with solar cookers [3].

2.1 Experimental Setup

To guarantee consistency and dependability in the results, the experiment was conducted according
to a rigorous technique. Four liters of water were utilized for each test in order to replicate standard
home cooking practices. Cooking Tools and Techniques:

a. Three-Stone Wooden Stove: This traditional three-stone stove, which uses wood as fuel, is
frequently seen in Maiduguri’s rural districts.

b. Charcoal Stove: According to research on cooking appliances, this is an indigenous cooking stove
made for using charcoal.

c. Kerosene Stove: A commercial stove that runs on kerosene and is commonly used in cities.

d. Solar Cooker: An environmentally friendly cooking appliance that uses direct sunshine to heat
water, featuring a reflector and a heat-absorbing container.

These gadgets each symbolize distinct fuel sources and heating techniques, offering information on
their effectiveness and environmental compatibility.

2.2 Collecting Data
For every cooking fuel utilized in the study, the following information was gathered:

Time to Boil: A stopwatch was used to measure how long it took to bring four liters of water to a rolling
boil, giving a clear indication of how efficiently various stoves cooked food.

Energy Consumption: The heating power and fuel consumption of each stove were utilized to compute
its energy consumption. The approach differed depending on the fuel type. Using the calorific values
of each fuel and conventional fuel heat content values [13,14], energy input for wood, charcoal, and
kerosene stoves was determined. The Photovoltaic Geographical Information System (PVGIS, 2023)
gave information on the location’s available solar energy, which was used to calculate the energy input
for the solar cooker based on regional solar radiation statistics. To achieve the objectives, the quantity

arcnjournals@gmail.com Page | 183



International Journal of Pure and Applied Science Research

of heat, Q required raising the temperature of a material from ¥, to &1 and the cooking power, P of the
materials used are calculated using the following equations:

Q= mew(QZ - 91) (1)

where my, is the mass of water measured in kg, t the initial water temperature (°C), &, is the final
water temperature (°C) and cy is the specific heat capacity of water measured in Jkglk:. The power
delivered cooking efficiency, P of the different solar cookers was calculated using equation given as
follows:

p— Energy Expended _ m,,Cy(6,—64)

(2)

time taken t

where t the time taken to reach maximum temperature (s). These data points made it possible to
compare the energy needs and efficiency of various cooking methods, which may provide information
on the practical and environmental effects of various cooking fuels.

2.3 Calculations for Energy Efficiency
The following formula was used to determine each fuel’s energy efficiency:

Energy Output (useful energy to boil water)

Energy Efficiency =
8y y Energy Input (total energy from fuel)

This formula aids in measuring how well each fuel transforms energy into usable heat for boiling water.
The energy efficiency n for heating/cooking using wood, charcoal and kerosene can be calculated from
the relation,

__output Energy Q

(3)

- output Energy mXLHV

where Q is the cooking thermal energy output (the obtained values as shown in Table 2), LHV is the
Lower Heating Value of cooking fuel and m is the mass of the fuel respectively. The Lower Heating
Value of wood, charcoal and kerosene are respectively 335300 J/kg, 330000 J/kg and 431000 J/kg [10].
The energy efficiency n for heating/cooking using solar cooker can be calculated from the relation,

__output Energy Q

- output Energy - Iqy XA AL (4)
where Q is the cooking thermal energy output (the obtained values as shown in Table 2), lo, = 1.5
kW/m? is average solar intensity, At is the time interval and Ac = 0.25 m? is the aperture are [11].

Cost Analysis: The price of a unit of fuel (wood, charcoal, or kerosene) and the initial cost of a solar
cooker were used to determine the cost of each fuel. For every fuel type, the total cost of boiling the
four liters of water was determined by taking into account both the cost per unit of fuel and the fuel
consumption.

Statistical Analysis: To compare the time required to boil the water, the energy usage, and the
expenses related to each fuel type, data were examined using fundamental statistical tools. Microsoft

Excel was used for the analysis in order to guarantee the accuracy of the results.

Ethical Considerations: The study was carried out with ethical issues in mind, making sure that all data
collecting was carried out openly and with respect for the communities in which it was conducted. By
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encouraging the use of renewable energy sources, such as solar cooking, the study also complies with
sustainable development requirements [15].

3. Results

The calculated values for the quantity of heat, Q required to raise a temperature of four (4) liters to
boiling point using wood, charcoal, kerosene and solar and the calculated values for the power, P
required to heat/cook four (4) liters of water to boiling point using wood, charcoal, kerosene and solar
using equation (1) to (2) are presented in Table 1 and Table 2.

Table 1 showed notable differences in the amount of time needed to boil four liters of water using
various fuels: Wood boiled the four litres of water in 42 minutes, though this can vary based on the
kind of wood and moisture level. It took Charcoal 35 minutes to boil the four litres of water because
charcoal burners use controlled combustion; the heating time is more constant. Kerosene boiled the
four litres of water in 30 minutes because the liquid fuel produced steady, direct heat. Using the Solar
Energy the four litres of water boiled within 180 minutes (3 hours), largely reliant on solar radiation;
time requirements increase on overcast or early morning days. Thus, kerosene had the quickest time
to bring water to a boil, followed by wood, charcoal, and solar power. The different heat production
and combustion efficiency of each fuel are reflected in this pattern.

Table 1: Times to boil four (4) liters of water using fire wood, charcoal and kerosene with the
experiment using solar cooker.

Temperature (°C)

Time (minute) : Solar cooker
Fire wood Charcoal Kerosene - -
Black Paint Coated with Ash

0 33 34 33 34.0 33.0
4 51 45 51 40.0 38.0
8 63 51 68 42.0 40.0
12 75 57 85 46.0 39.9
16 91 63 98 51.0 47.5
20 98 69 55.0 52.0
24 75 58.0 55.0
28 84 62.0 59.4
32 92 65.0 62.0
36 98 69.0 66.1
40 73.5 70.2
44 76.0 73.1
48 80.0 77.2
52 83.0 79.8
56 86.0 82.2
60 88.0 86.1
64 92.0 89.6
68 95.5 93.4
72 97.0 96.5
76 98.0 98.4

The information on Table 1 are used to plot the variation of water temperature in °C as a function of
time taken (min) for cooking using charcoal. Figure 1 showed the pictorial representation of Table 1.
The information on Table 1 are further used to pictorially represent the variation of water temperature
in °C for boiling four (4) litres of water using fire wood, charcoal, kerosene and solar cooker, as a
function of time taken (min) (Figure 1)
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Figure 1: The pictorial representation of variation of water temperature in °C for boiling four (4) litres
of water using fire wood, charcoal, kerosene and solar cooker, as a function of time taken (min)

The graph in Figure 1 illustrates the relationship between temperature and the time taken to boil four
(4) liters of water using different energy sources. Here’s an analysis of the observations from the graph:

Firewood Stove: The temperature increase is directly proportional to the time taken. The temperature
gradually rises from 33°C, reaching the boiling point of water at 98°C. This indicates that it took
approximately 65 minutes to boil four liters of water using a firewood stove.

Charcoal Stove: Similar to the previous case, the temperature increase is linear with time. The
temperature starts at 34°C and progressively climbs to 98°C, the boiling point of water. It took around
64 minutes to achieve the boiling of four liters of water using a charcoal stove.

Kerosene Stove: In this scenario, the temperature exhibits a steady increase over time. Starting at
33°C, it gradually reaches the boiling point of water at 98°C. Remarkably, it took only 16 minutes to
boil four liters of water using a kerosene stove.

Solar Cooker: The temperature’s ascent is evident in the graph, following a steady rise over time.
Commencing at 34°C, it progresses to 98°C, marking the boiling point of water. However, it’'s notable
that it took a comparably longer duration, approximately 76 minutes, to boil four liters of water using
the solar cooker, in contrast to the kerosene stove’s efficiency.

The graphical representation in Figure 1 effectively conveys the distinctive heating dynamics of each
energy source, highlighting their respective time-to-boil and temperature-rise characteristics.
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Figure 2: The pictorial representation of variation of water temperature in °C for boiling four (4) litres
of water using solar cooker (with black paint and coated with ash), as a function of time taken (min)

Figure 2 shows the variation of temperature with time taken to boil 4 litres of water. It can be observed
from the figure that the temperature raise is directly proportional to the time taken and temperature
gradually increases from 33 °C until it reached the water boiling point of 98 °C for pot painted black
and 97.4 °C for pot coated with ash. For the pot painted black, the temperature starts from 34 °C and
then gradually increases to 98 °C, the boiling point of water. For the pot coated with ash, the
temperature starts from 33 °C and then gradually increases to 97.4 °C. This indicates that it took too
long time (about 64 o 64.5 minutes) as compared with kerosene stove to boil just four (4) liters of
water using kerosene stove. It can be observed that when comparing heating water using solar cooker
with pot painted black and pot coated with ash, indicates that pot painted black required less time to
boil water than that coated with ash.

The experiment shows that the kerosene attained maximum temperature of boiling 4 liters of water
(98 °C) in 16 min, then firewood in 20 min while charcoal at 36 min and finally the solar cooker boiled
four (4) liters of water at 76 min. These results indicated that the kerosene is the fastest in terms of
rising water temperature, then firewood, followed by charcoal and finally solar cooker. The energy
density of kerosene (heating value) is higher than the density of solar energy. Although cooking with
wood, charcoal and kerosene is fastest, yet they contribute largely in environmental damages such as
land degradation, deforestation, air pollution and desertification. Thus, solar cookers are the
healthiest, safest and costless way of cooking. It is light and portable unit that utilizes energy for
cooking. It is also used in preserving forest, safes money and decreasing global warming.

Table 2 showed the results obtained from the calculated values for the quantity of heat, Q required to
raise a temperature of four (4) liters to boiling point using wood, charcoal, kerosene and solar using
equation (1) to (4). Table 2 revealed that energy (J) required to heating/cooking with charcoal,
firewood, kerosene and solar cooker are 1067008 J, 1083680 J, 1083680 J and 1075344 J respectively.
It can be seen from Table 2 that fire wood required the high energy to boil four (4) liters of water,
followed by kerosene, and the charcoal is having the least exhausted. Table 2 showed the calculated
values for the power, n required to heating/cooking four (4) liters of water to boiling point using wood,
charcoal, kerosene and solar using equation (1) to (4). Table 2 indicated that power required for
heating/cooking with charcoal, firewood, kerosene and solar cooker are respectively, 493.98 J/s,
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903.07 J/s, 1128.83 J/s and 235.82 J/s. It can be seen from Table 2 that kerosene required the high
power to boil four (4) liters of water, followed by fire wood, charcoal, and the solar cooker having the
lowest power consumption. Table 2 showed the cost of wood, charcoal, kerosene and solar power to
boiled 8 litres of water for one year. The table showed the high cost of wood (& 79,500 year?) and
charcoal (A 79,500 year?), followed by kerosene (& 91,250 year?) are very high relative to the cost to
heat/boil 8 litres of water using solar cooker(& 5000 year?).

The efficiency n (%) is the ratio of useful energy output to the total energy input, expressed as a
percentage. It indicates how effectively each energy source is converted into usable energy. Higher
efficiency values are desirable because they indicate less wasted energy. The daily cost of using each
energy source considers the amount of energy consumed per day and multiplies it by the cost per unit.
The total annual cost of using each energy source multiplies the daily cost by the number of days in a
year (365). It can be observed from the Table that Charcoal and Firewood have similar energy content
(around 1,067,000 J) and efficiency (around 80.8%). However, Firewood has a higher power output
(903.07 W) compared to Charcoal (493.98 W). Kerosene has a slightly higher energy content (1,083,680
J) than Charcoal and Firewood but has a lower efficiency (62.87%). Its power output is the highest
among the conventional sources (1,128.83 W). The Solar Cooker, when painted black, has an energy
content (1,075,344 J) comparable to Charcoal and Firewood but has a lower efficiency (63.27%). Its
power output is significantly lower (235.82 W). The Solar Cooker, when coated with ash, has slightly
lower energy content (1,073,676.8 J) and efficiency (62.78%) than the painted version but has a similar
power output (235.4554 W).

The cost per day and total cost per year are calculated based on the cost of each energy source and its
daily consumption. Charcoal, Firewood, and Kerosene all have daily costs, while the Solar Cooker does
not have a direct daily cost as it relies on sunlight. Thus, Table 2 table provides a comparison of energy
sources in terms of their energy content, power output, efficiency, and cost. The choice of energy
source depends on factors such as energy needs, efficiency, and cost considerations.

Table 2: Comparison of energy, power needed and the total cost to boil 4 liters of water using solar
energy (cooker) to the use of wood, charcoal and kerosene

Comparison
. Solar cooker
Quantity .
Charcoal Fire wood Kerosene . Coated with
Painted Black
Ash
Energy (J) 1067008 1083680 1083680 1075344 1073676.8
Power (Watt) 493.98 903.07 1128.83 235.82 235.4554
Efficiency n (%) 80.83 80.79 62.87 63.27 62.78
Cost (&) (1 kg/liter) 100 100 250
Cost per day (&) 300 300 7500 > 000 > 000
Total Cost per years(&) 79 500 79 500 91 250 5000 5000
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Figure 3: Pictorial (Bar chart) representation for the comparison of energy needed to boil 4 liters of
water using solar energy (cooker) to the use of wood, charcoal and kerosene

Figure 3 showed the results obtained from the calculated values for the quantity of heat, Q required
to raise a temperature of four (4) liters to boiling point using wood, charcoal, kerosene and solar. Figure
3 revealed that energy (/) required to heating/cooking with charcoal, firewood, kerosene and solar
cooker are 1067008 J, 1083680 J, 1083680 J and 1075344 J respectively. Therefore, fire wood required
the high energy to boil four (4) liters of water, followed by kerosene, and the charcoal is having the

least exhausted.
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Figure 4: Pictorial (Bar chart) representation for the comparison of power needed to boil 4 liters of
water using solar energy (cooker) to the use of wood, charcoal and kerosene.

Figure 4 showed the calculated values for the power, n required to heating/cooking four (4) liters of
water to boiling point using wood, charcoal, kerosene and solar cooker. It can be observed from the
figure that the power required for heating/cooking with charcoal, firewood, kerosene and solar cooker
are respectively, 493.98 J/s, 903.07 J/s, 1128.83 J/s and 235.82 J/s. Therefore, kerosene required the
high power to boil four (4) liters of water, followed by fire wood, charcoal, and the solar cooker having
the lowest power consumption.
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Figure 5: The cost of wood, charcoal, kerosene and solar power for one (1) year

Figure 5 showed the cost of wood, charcoal, kerosene and solar power for one (1) year. It can be seen
from the figure the cost of wood (& 79,500 year?), charcoal (& 79,500 year?) and kerosene (& 91,250
year?) are very high relative to solar cooker (& 5000 year?). The figure also indicated that the cost to
build solar cooker (A 5000) is high relative to buying wood (At 100), charcoal (Af 100) or kerosene (A
250) for a day. But when a long term use, for example two years, is considered hundreds of thousands
would be saved.

4. Discussion

Kerosene was the fuel with the quickest boiling time, followed by wood and charcoal. This difference
in boiling times was substantial. As may be predicted given its reliance on the availability of sunshine,
solar energy was the slowest. Kerosene and charcoal have quicker boiling times than wood because of
their high combustion efficiency and comparatively high heat production [15]. These results are in line
with research showing that wood frequently has less efficient combustion, resulting in longer cooking
times, whereas kerosene stoves provide rapid heating because of the direct and continuous flame [16].
The longest time is needed for solar energy, particularly in unfavorable weather conditions. It should
be highlighted, though, that although solar cooking methods are slower, they are totally reliant on
outside factors, like clear skies and the sun’s angle, which are not always consistent [17]. For homes
that need reliable and efficient cooking options, this unpredictability makes solar cooking less practical.

Table 2 showed the total energy used during the boiling process for every fuel. An amount of 12 MJ
(Mega Joules) of energy where determined during the boiling of four liters of water using wood fuel,
although this varies significantly according to the type and moisture content of the wood [18]. Because
of its higher energy density, charcoal (10.5 MJ) is a more efficient fuel [19]. Because of its higher
calorific value, kerosene has a higher cost per unit of energy, at 14 MJ. Because of the reliance on
sunshine, the energy input of the solar power was more complicated, about 3 MJ of energy were
consumed on a clear day, even though this varied considerably over the day. Despite being speedier,
kerosene is the fuel with the highest energy use, followed by wood and charcoal, according to the
statistics. Kerosene’s high calorific value accounts for its higher energy consumption, but this comes at
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the expense of higher fuel costs, making it less sustainable over time. Although wood and charcoal are
less expensive per unit of energy, their energy efficiency is still lacking [20].

The usable energy output, or the energy needed to heat the water, was divided by the total energy
intake to determine the energy efficiency presented on Table 2. Table 2 showed that wood has 80.79%
efficiency because of heat loss to the environment and energy losses from incomplete combustion.
Charcoal has 80.83% efficiency, indicating reduced heat loss and more regulated burning. Kerosene
has an efficiency of 62.87%, mostly due to kerosene burners’ excellent combustion efficiency. The Solar
Energy, because of heat dispersion and the difficulties in efficiently catching solar radiation, solar
cooker have an efficiency of 62.78%.

Using the local costs for each fuel, the cost of boiling the four liters of water was calculated and Table
2 showed that it cost #200 to per boil four liters of water using wood, contingent on Maiduguri’s wood
supply and transportation expenses. The table showed using charcoal it cost #300 to boil four liters of
water using charcoal, charcoal costs more per unit of energy than wood. Given the increased market
price and rate of consumption, kerosene costs #450 per boil. Solar energy cost almost free 80 per boil
because it doesn’t require fuel, although there is an upfront cost for the solar cooker that is recouped
over time. Kerosene was the most costly, but it was also the fastest and most energy-efficient. In the
long run, solar energy proved to be the most economical option, despite being slower and less
effective.

As a result, kerosene became the fastest and most energy-efficient fuel, but it also cost the most.
Charcoal was more economical and efficient, but because of deforestation, it is not as sustainable.
Wood was the least expensive alternative, but it took longer to cook and used less energy. Long-term
cost-effectiveness notwithstanding, solar energy was the most time-consuming and had poor
efficiency. These findings offer insightful information on the trade-offs between Maiduguri’s cooking
fuels and can help households, legislators, and researchers who want to advance sustainable energy
solutions make decisions. The study’s findings provide a thorough grasp of the advantages and
disadvantages of each cooking fuel option by highlighting the trade-offs between them in terms of
cost-effectiveness, energy efficiency, and environmental impact.

Comparatively speaking, solar energy produced very little energy, highlighting its shortcomings in
terms of energy efficiency, particularly when it comes to everyday domestic cooking. However, the
solar cooker’s cost-free energy output after the first expenditure makes it a sustainable long-term
choice, particularly in areas with plenty of sunlight [21]. Solar cooking was found to have the lowest
efficiency. This finding is in line with other studies that show that because solar energy disperses and
requires constant sunlight, solar cooking systems are frequently less efficient than conventional
cooking methods [22].

4.1 Cost Analysis

The price dynamics of the local market are reflected in the fact that kerosene was the most costly fuel.
One major disadvantage of kerosene is its expensive price, particularly for low-income households.
Wood, on the other hand, turned out to be the most economical choice, despite its availability issues
and environmental issues like deforestation. In rural regions where wood is scarce, charcoal is a
preferred alternative because it is more costly than wood but less expensive than kerosene [15]. In the
long run, solar energy is still the most economical choice, even with its slow cooking times and low
efficiency. A solar cooker is a desirable option for households that can afford the initial investment
because, once acquired, the operating expenses are essentially zero [11]. In regions that receive a lot
of sunlight, where operating expenses may be minimal, this long-term advantage is particularly
pertinent.
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4.2 Environmental Impact

The sustainability of the fuels is largely dependent on their effects on the environment. Because wood
and charcoal emit particle matter and CO, when they burn, they both contribute to air pollution and
deforestation [23]. These environmental issues draw attention to the need for cleaner burning
technologies and more sustainable ways to source wood and charcoal. Despite its increased efficiency,
kerosene still contributes to greenhouse gas emissions and air pollution, particularly in areas with
inadequate ventilation [10]. Kerosene consumption makes indoor air quality problems worse, which is
a major worry in many poor nations. However, as solar energy produces no direct emissions when in
use, it is the most ecologically benign choice. Although they are typically less than those associated
with conventional fuels, the environmental costs associated with the manufacture and disposal of solar
cookers still exist [24]. Because solar energy is renewable and has little effect once installed, it has a
positive environmental impact. Each fuel’s environmental impact was evaluated by taking
sustainability and carbon emissions into account:

i Wood produces large volumes of particulate matter and, if not sourced sustainably,
contributes to deforestation.

ii. Charcoal adds to carbon emissions and deforestation.

iii.  Kerosene contributes to air pollution and global warming by releasing CO, and particulate
matter.

iv.  Solar Power, although the construction and disposal of the solar cooker result in indirect
environmental costs, it is the most environmentally benign alternative due to its lack of direct
emissions.

4.3 Implication

To sum up, kerosene and charcoal provide the quickest cooking times and a respectable level of energy
efficiency, but they are more expensive and have negative environmental effects. Despite being
inexpensive, wood is inefficient and degrades the environment. Though it has slower cooking times
and lesser efficiency, solar energy offers a sustainable substitute with low operating costs. This study
emphasizes how crucial it is to weigh cost, environmental effect, and energy efficiency when selecting
cooking fuels. While improving the quality of life for households using conventional fuels, policy
interventions that promote cleaner fuels, advance stove technologies, and offer subsidies for solar
cooking systems could help lessen the negative effects on the environment. For more ecological and
effective cooking methods, more study is required to investigate hybrid alternatives such mixing
biomass and solar energy.

4.4 Health and Safety Impacts

When thinking about cooking fuels, health and safety issues are quite important. Both charcoal and
kerosene pose serious dangers because they emit carbon monoxide and dangerous particulate matter,
which can aggravate respiratory conditions and other health problems in cooking areas with
inadequate ventilation [25]. Research indicates that homes that use biomass fuels are more likely to
experience indoor air pollution [26], which can lead to long-term respiratory conditions and even early
mortality, especially for women and children who are exposed while cooking. Effective cooking stoves
are an essential first step in lowering these health hazards since the more energy-efficient they are,
the less fuel is used and, as a result, the less pollutants are emitted. On the other hand, there is no
indoor air pollution associated with solar energy. Particularly in rural places with limited access to
renewable energy, its adoption can have major positive effects on public health [24]. Even though solar
cooking takes a while to heat up, its health benefits—particularly the prevention of smoke inhalation—
make it an ideal long-term solution in places with lots of sunlight.
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4.5 Cultural and Social Factors

The use of alternative fuels may be influenced by the social and cultural customs associated with
cooking processes. Since wood and charcoal have been used as fuels for millennia in many cultures,
they are ingrained in daily life and cultural norms [15]. Since these fuels are linked to regional culinary
customs and social activities in addition to being a source of energy, altering these behaviors can be
difficult. However, despite their effectiveness and convenience of use, kerosene stoves—which are
frequently found in urban areas—also raise safety concerns due to the high danger of fire mishaps and
health problems [20]. Large-scale public awareness efforts may be necessary to emphasize the
advantages of switching to cleaner alternatives, such solar cooking, and to get over reluctance
stemming from habit or ignorance of the possible benefits.

4.6 Technological and Economic Barriers to Adoption of Solar Cooking

Although solar energy offers a viable long-term alternative, there are several obstacles preventing its
broad use. For many low-income households, the initial cost is still a significant obstacle [13]. Subsidies,
government assistance, or non-profits offering reasonably priced financing alternatives determine how
affordable solar cookers are. Additionally, even well-designed solar cooking systems may be ineffective
or impractical for everyday usage in places with inconsistent sunlight, particularly in more temperate
regions or during the rainy season [18]. The availability of skilled workers to install and maintain solar
cooking systems is another technological obstacle. The efficiency and long-term sustainability of solar
cooking may be hampered in distant locations by a lack of maintenance services and professional
assistance [9]. Infrastructure development and a coordinated effort by governments and organizations
to increase awareness and offer incentives for the adoption of clean energy are both necessary to
overcome these obstacles.

4.7 Economic Viability and Policy Recommendation

When assessing the viability of widespread adoption of cleaner cooking methods, economic factors
are essential. There are definite long-term financial benefits to solar cooking when considering only
cost-benefit analysis. The energy expenditures are minimal after the first setup cost. Furthermore,
lowering dependency on wood and kerosene may result in lower medical costs by lowering the
incidence of pollution-related illnesses [4]. Through tax breaks for renewable energy technologies,
microfinance initiatives, and subsidies, policymakers could encourage the use of solar cooking systems.
In order to lessen the detrimental effects on the environment while preserving the cultural significance
of wood and charcoal, governments should also fund the creation of more economical and effective
stoves that use these fuels more effectively (Akpan et al., 2014). Additionally, policies ought to support
clean cooking technology research and development. By promoting regional innovation and
adaptation, solar cooking systems may become more accessible and climate-appropriate, increasing
their uptake rates in various areas. Kerosene and charcoal offer efficiency and speed, but their effects
on the environment and human health are substantial, according to a comparative study of several
cooking fuels. Wood contributes to air pollution and deforestation even though it is less expensive and
culturally acceptable in many places. In regions with plenty of sunlight, solar energy is the perfect
option for sustainable cooking because it provides substantial health and environmental advantages,
despite its slowness and weather dependence. Overcoming obstacles pertaining to infrastructure,
cost, and awareness is necessary for the adoption of cleaner cooking methods. In order to ensure that
the most disadvantaged populations have access to safe, inexpensive, and clean cooking methods,
governments and international organizations must play a significant role in promoting sustainable
cooking options.
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5. Conclusion

With an emphasis on kerosene, charcoal, wood, and solar energy, this study offers a thorough
comparison of the various cooking fuels that are frequently used in rural and urban areas. The analysis
reveals that each fuel has pros and cons that should be taken into account when deciding which is best
for a particular situation. Kerosene is very effective and convenient, particularly in urban settings, but
its long-term environmental and health effects, such as air pollution and respiratory diseases, make it
a less sustainable option. Similarly, although charcoal is widely used and culturally acceptable, it
contributes significantly to deforestation and air pollution, resulting in both environmental
degradation and health risks [25]. Wood, which is frequently seen as the most affordable and readily
available cooking fuel in rural areas, has problems with inefficiency and deforestation. Burning wood
for fuel has a substantial negative impact on the environment, and its use is strongly linked to
unsustainable practices that deplete forest resources. However, by increasing fuel efficiency and
lowering hazardous emissions, stove technological advancements could help to ameliorate some of
these problems [19]. On the other hand, solar energy proves to be a very sustainable substitute,
especially in areas with plenty of sunlight. Solar cooking methods offer substantial health benefits and
are totally free of indoor air pollution, notwithstanding their limits in terms of cooking speed and
weather dependence [8]. Its initial cost, which might be prohibitive for low-income households, is the
main obstacle to its adoption. Nonetheless, its long-term advantages—such as reduced fuel expenses
and better health results—make it the perfect choice for future sustainable cooking. The adoption of
cleaner cooking technology, especially solar energy, ultimately necessitates overcoming a number of
obstacles, such as infrastructure constraints, cultural reluctance, and cost. Through financial
incentives, information campaigns, and research into reasonably priced and effective cooking
technology, governments, non-governmental organizations, and international organizations must play
a key role in facilitating this transformation. By doing this, we can address the urgent issues of air
pollution, deforestation, and health inequalities while promoting healthier, more sustainable cooking
methods.

6. Recommendation

It is imperative to promote the use of solar cooking technologies due to the substantial health and
environmental sustainability benefits of this cooking method. To increase the accessibility of solar
cookers, especially in areas with significant solar potential, governments, non-governmental
organizations (NGOs) and international organizations should fund awareness campaigns and subsidies.
Promoting accessible and easy-to-use solar cookers will lessen the need for dangerous cooking fuels
like wood, charcoal, and kerosene, which increase air pollution and pose health hazards. Furthermore,
better designs that accommodate a range of weather situations would boost their efficacy and
dependability in rural regions.

Improved cooking stoves that use less fuel and emit fewer emissions must be widely adopted in areas
where wood and charcoal is still the most common cooking fuels. More research should be done on
low-emission, high-efficiency stove designs, and these stoves should be reasonably priced. Utilizing
these stoves can lessen the adverse consequences of conventional biomass cooking, including
respiratory ailments and deforestation. Training courses on the correct operation and upkeep of these
stoves can also guarantee their long-term effects.

Since wood and charcoal are two of the most widely utilized cooking fuels, particularly in rural areas,
it is imperative that sustainable forest management practices be put into place and promoted. To
ensure that deforestation rates are decreased, governments and local communities must work
together to create regulations that strike a balance between the demand for fuelwood and
conservation initiatives. As part of integrated resource management plans, alternative biomass
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sources like the cultivation of fast-growing fuelwood species or agricultural leftovers should also be
encouraged. This strategy will ensure that rural communities continue to have access to fuel for
cooking while also preserving biodiversity.

By encouraging the shift to more environmentally friendly cooking methods, these suggestions hope
to improve vulnerable people’ energy security, lower environmental damage, and improve health
results.

References

[1] Bruce, N., Perez-Padilla, R., & Albalak, R. (2000). Indoor air pollution in developing countries: A
major environmental and public health challenge. Bulletin of the World Health Organization,
78(9), 1078-1092. https://doi.org/10.1590/50042-96862000000900004

[2] Idris, W. O., Ibrahim, M. Z., & Albani, A. (2024). Prospects of solar energy exploration in Nigeria:
Assessments, economic viability, and hybrid system. International Journal of Energy Economics
and Policy, 14(2), 676—686. https://doi.org/10.32479/ijeep.14977

[3] Sarangi, A., Sarangi, A., Sahoo, S. S., Nayak, J., & Mallik, R. K. (2024). Advancements and global
perspectives in solar cooking technology: A comprehensive review. Energy Nexus, 13, 100266.
https://doi.org/10.1016/j.nexus.2023.100266

[4] Paneru, B., Paneru, B., Alexander, V., Nova, S., Bhattrai, N., Poudyal, R., Narayan, K., Poudyal, K.,
Dangi, M., & Boland, J. (2024). Solar energy for operating solar cookers as a clean cooking
technology in South Asia: A review. Solar Energy, 283.
https://doi.org/10.1016/j.solener.2024.113004

[5] Herez, A., Ramadan, M., & Khaled, M. (2018). Review on solar cooker systems: Economic and
environmental study for different Lebanese scenarios. Renewable and Sustainable Energy
Reviews, 81(1), 421-432. https://doi.org/10.1016/j.rser.2017.08.021

[6] Idowu, O., Azevedo, L., Zohoori, F., Kanmodi, K., & Pak, T. (2023). Health risks associated with the
production and usage of charcoal: A systematic review. BMJ Open, 13, e065914.
https://doi.org/10.1136/bmjopen-2022-065914

[7] Babalola, S. 0., Daramola, M. O., & Iwarere, S. A. (2022). Socio-economic impacts of energy access
through off-grid systems in rural communities: A case study of southwest Nigeria. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences, 380(2221),
20210140. https://doi.org/10.1098/rsta.2021.0140

[8] Adegbulugbe, A. 0., Olajide, A. B., & Odugbenro, T. 0. (1999). Energy use patternsin rural Nigerian
households and their environmental implications. Energy Policy, 27(6), 349-356.
https://doi.org/10.1016/50301-4215(99)00030-5

[9] Adegbulugbe, A., & Akinbami, J.-F. (2009). Urban household energy use patterns in Nigeria.
Natural Resources Forum, 19, 125-132. https://doi.org/10.1111/j.1477-8947.1995.tb00600.x

[10]Maina, B., Kyari, & Maina, M. (2019). Households' clean energy demand in Nigeria and its
implication on the environment. Environmental Sustainability Journal.

[11]Kucerova, |., Banout, J., Lojka, B., & Polesny, Z. (2016). Performance evaluation of wood-burning
cookstoves in rural areas near Pucallpa, Peru. Environmental Engineering and Management
Journal, 15, 2421-2428. https://doi.org/10.30638/eem|.2016.264

[12]Akujobi, C. (2015). The impact of kerosene price subsidy removal on households’ cooking energy
consumption in Nigeria: Implications for national development. International Journal of
Managerial Studies and Research (IJMSR), 3(5), 50-54.

[13]Amadi, H., & Igbogidi, O. (2024). Renewable energy in Nigeria: Prospects and challenges.
Renewable Energy Journal, 11, 51-60.

[14]Heltberg, R., Arndt, T. C., & Sekhar, N. U. (2000). Fuelwood consumption and forest degradation:
A household model for domestic energy substitution in rural India. Land Economics, 76(2), 213—
232,

arcnjournals@gmail.com Page | 195



International Journal of Pure and Applied Science Research

[15]0sunkwo, F. O. C., Onwusogbulu, R. D., & Uma, K. E. (2020). Rural and urban households' choice
of energy use in Nigeria: Problems and prospects. International Journal of Research in Engineering,
IT and Social Sciences, 10(8), 25-33.

[16]Heltberg, R., & Arndt, T. C. (2000). Fuelwood consumption and forest degradation: A household
model for domestic energy substitution in rural India. Land Economics, 76(2).
https://doi.org/10.2307/3147225

[17]Saxena, A., Norton, B., Goel, V., & Singh, D. (2022). Solar cooking innovations, their
appropriateness, and viability. Environmental Science and Pollution Research, 29, 1-24.
https://doi.org/10.1007/s11356-022-21670-4

[18]Zhang, J., Raufer, R., & Liu, L. (2020). Solar home systems for clean cooking: A cost—health benefit
analysis of lower-middle-income countries in Southeast Asia. Sustainability, 12(3909).
https://doi.org/10.3390/su12093909

[19]Clarke-Sather, A. R., Davis, C. J., & Qu, J. (2019). Analysis of a rural Northwestern China household
energy use survey focusing on parabolic solar cooker use for water purification. Journal of
Sustainable Research, 1, e1900009. https://doi.org/10.20900/jsr20190009

[20]Asrori, A., Udianto, P., Faizal, E., Rizza, M. A., Witono, K., & Perdana, D. (2024). The potential of
steam generating by the PMMA Fresnel lens concentrator for indoor solar cooker application.
Periodica Polytechnica Mechanical Engineering, 68(2), 120-129.
https://doi.org/10.3311/PPme.22547

[21]Sharma, S. K. (2004). Solar cookers. In C. J. Cleveland (Ed.), Encyclopedia of Energy. Elsevier.
https://doi.org/10.1016/B0-12-176480-X/00318-1

[22]Ayub, H., Ambusso, W., Manene, F., & Nyaanga, D. (2021). A review of cooking systems and energy
efficiencies. American Journal of Energy Engineering, 9(1), 1.
https://doi.org/10.11648/j.ajee.20210901.11

[23]Ayub, H. R., Ambusso, W. J., Manene, F. M., & Nyaanga, D. M. (2021). A review of cooking systems
and energy efficiencies. American Journal of Energy Engineering, 9(1), 1-7.
https://doi.org/10.11648/j.ajee.20210901.11

[24]Bansal, M., Saini, R. P., & Khatod, D. (2013). Development of cooking sector in rural areas in India—
A review. Renewable and Sustainable Energy Reviews, 17, 44-53.
https://doi.org/10.1016/j.rser.2012.09.014

[25]Ebersviller, S. M., & Jetter, J. J. (2020). Evaluation of performance of household solar cookers. Solar
Energy, 208, 166—172. https://doi.org/10.1016/j.solener.2020.07.056

[26] Inayat, J. (2011). What makes people adopt improved cookstoves? Empirical evidence from

rural northwest Pakistan. Working Paper Series No. 012, The Governance of Clean
Development Working Paper Series, School of International Development, University of East
Anglia, UK.

arcnjournals@gmail.com Page | 196



