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Introduction 
round two-thirds of the population of developing countries, 

as at 2000, is still primarily dependent on bio-fuels for 

domestic use (Boy et al.,2000). In Nigeria, seventy-two 

percent of the population depends on traditional fuel wood for 

cooking (ICEED 2013).There are 2.8 billion people or 38% of the world's 

population and nearly 50% of the population in developing countries 

who live without access to modern sources of cooking energy to cook 

food according to Internationalenergyagency(2017)WEO-

2017specialreport. In Africa, the number of people without access to 

modern sources of cooking energy exceeded 900 million in 2018. This 

situation forces people to rely mainly on traditional solid fuels 

(firewood and charcoal),Internationalenergyagency(2019). The 

cooking stoves used by households are not always efficient and pose 

serious environmental and health problems. Indeed, traditional 

three-stone cookstoves are mostly used in rural areas. Traditional 

cooking stoves are most commonly used by low-income households. 

This type of traditional cooking stove is generally identified as a very 

inexpensive or free device, which may include a simple open fire, built 

on the ground with three stones to support a pot, or a basic ceramic, 

clay or metal stove. It is characterized by very low efficiency, unlike 

improved cookstoves, which have better performance, 

Internationalenergyagency(2017)WEO-2017specialreport. Traditional 

cooking stoves in Africa have average energy efficiency scores 

ranging from 18% to 21% for wood-burning stoves and 21% to 24% for  
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charcoal stoves. Meanwhile, these scores are much higher for improved cookstoves. Several works 

are therefore being carried out to implement improved cookstove technologies to improve 

household health and economy. Many cookstove models have been implemented in many 

countries around the world (Akolgoet al., 2018). These different programs have had mixed but 

generally unsatisfactory results. Energy is at the heart of all human development. To this end, 

Sustainable Development Goal 7 (SD Goal 7) to ensure access for all to reliable, sustainable and 

modern energy services at an affordable cost is defined by the United Nations. However, millions 

of people around the world live in energy poverty, marked by lack of access to modern energy 

sources and lack of access to clean cooking energy, Internationalenergyagency(2017)WEO-

2017specialreport. About 40% of households worldwide cook on open stoves or inefficient biomass 

cooking stoves.  
A World Bank study conducted in 2015 indicates that 81% of households in Sub-Saharan Africa use 

solid fuels for cooking energy needs (Jagger et al., 2018). Recently, the special report Africa Energy 

Outlook 2019 published by the International Energy Agency (IEA), shows that about 850 million 

people in Sub-Saharan Africa still use wood energy as their main source of energy. 

In Benin, according to the 2017 report of the Energy Information System of the Ministry of Energy, 

wood energy (firewood and charcoal) accounts for nearly 50% of the national energy balance, 

followed by hydrocarbons (about 47%) and electricity accounts for about 3%. A recent study 

indicates that out of a sample of 640 households surveyed in Benin, 76.48 percent depend on 

fuelwood and 18.18 percent on charcoal, Internationalenergyagency(2019). Charcoal is mainly 

used in urban and peri-urban areas, while fuelwood is used in rural areas.  

The dependency of populations on solid fuels increases anthropogenic pressure on vegetation 

cover. This is exacerbated by inefficient charcoal burning techniques and the use of very 

sample of five types of charcoal stoves commonly used in Nigeria is tested according to the 

requirements of the ISO 19867 standard. These are the square cooking stove, the circular 

cooking stove, the clay cooking stove,the Nansu cooking and Kollyson-Yoyo stove. The results 

show two stoves with the best performance: The Nansu stove with a total energy efficiency of 

21.43% and an output of 0.9 kW and the Kollyson-Yoyo Charcoal stove with a total energy 

efficiency of 24.12% and an output of 0.71 kW. These two stoves are made of clay and double 

metal walledcoupled with a blowerof 12volt power bank respectfully. They both offer the best 

safety with an overall average rating of 61.5 and70.5 for. The Kollyson-Yoyo stove has better 

durability than the clay stove. This study thus contributes to the preservation of the 

environment and health through the recommendation of efficient, safe and durable charcoal 

cookers to be promoted. 

 
Keywords: Charcoal stove, Energy performance, Safety, Health risks, Thermal performance 
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inefficient wood or charcoal cooking stoves. The GHG emissions are no longer captured because 

trees are cut down in an uncontrolled manner. Emissions generated by the combustion of 

biomass also contribute to the GHG emissions responsible for global warming. Several studies are 

being conducted to improve the energy efficiency of cooking stoves by looking at the technology 

of cooking stoves or the geometry of charcoal or the emissions generated by the combustion of 

biomass. In this sense, Zhao et al. (2020) have shown that reducing the size of coal has improved 

thermal efficiency and reduced pollutant emissions (Akolgoetal.,2018). The same source recalls 

that residential use of coal has been recognized as a major source of air pollutants (Zhao et 

al.,2020). including carbon monoxide (CO), nitric oxide (NO), hydrogen sulfide (H2S), sulfur oxides 

(SOX), methane (CH4), black carbon (BC), primary particulate matter (PM), volatile organic 

compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), and greenhouse gases. Exposure 

to pollutant emissions and indoor pollution causes several negative health effects in 

households (Akolgoetal.,2018).Households are susceptible to respiratory, cardiopulmonary, and 

other health problems, which are responsible for an estimated 1.1 million premature deaths in 

China, for example (Cohen et al., 2017). In addition to the adverse health and environmental 

effects, the economic losses are not negligible (Akolgoetal.,2018). 

In Nigeria, the carbonisation technique is that of the traditional millstone with a low mass yield 

(generally less than 15%) (Hello International 2014). It thus takes on average 6 kg of wood to 

produce 1kg of charcoal. Energy management is one of the surest ways to achieve Sustainable 

Development Objective 7 (SDO7). It is therefore important to identify the equipment with the 

best aptitudes from an energy, environmental and safety point of view. 

Thus, this study focuses on assessing the energy performance, safety and durability of charcoal 

cooking stoves commonly used by households in the North-central, Nigeria. Indeed, previous 

studies carried out in Nigeria have focused on determining the technical performance of cooking 

stoves used in Benin by the boiling water technique (Anjorin et al., 2014. This work is devoted to 

the study of the influence of the type of cooking stove on performance, as well as the savings 

that can be achieved with the different cooking stoves.  

 

STATEMENT OF THE PROBLEM 

Thecookingstovesusedbyhouseholdsarenotalwaysefficientandposeseriousenvironmentalandhe

althproblems. The square cooking stove, the circular cooking stove, the clay cooking stove, the 

rim cooking stove and the Nansu cooking stove, all have one problem or the other(Okafor et al., 

2019), (Evrard et al., 2021). There are currently more than 160 operating cookstove 

implementation programs in the world(Raman et al., 2013). A few thousand of the cookstove 

implementation program distribute  stoves in specific areas. This is due to high cost of alternative 

stoves, cookstove malfunction, and the lack of understanding as well as the importance of gender 

roles and discussing the adoption of alternative cookstove technology. In failing to include 

women in the household decision-making process, as they are predominantly responsible for 
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childcare and meal preparation, it  can lead to a decrease in adoption of improved 

cookstoves(https://en.wikipedia.org/wiki/Improved_cookstove). 

 

JUSTIFICATION 

The concept of user-centred design has arguably given rise to one of the most fundamental 

changes in the field of design over the past few decades(https://www.interaction-design.org) 

Design has since shifted focus from giving form to objects and information toenabling user 

experiences, and from physical and cognitive human factors to the emotional, social, and cultural 

contexts in which products and communications take place. (Boztepe, 2007: 57). 

The design process used for this project was loosely based on the process of user-centred design 

by van Buurman (1997) as discussed in Kahmann and Henze (1999: 114 in Green and Jordan, 1999) 

but adapted by the research group for the specific needs of the project.As seen above, there is a 

lot of work being done to improve the energy efficiency of cookstoves and reduce solid fuel 

consumption, but the safety and durability of cookstoves has long been overlooked (Johnson and 

Bryden,2015). 

 

AIMS: 

This project aims to produce the best charcoal cooking stove(s) in terms of energy performance, 

safety and sustainability. 

 

Objectives: 

- Assessing the energy performance, safety and durability of charcoal cooking stoves commonly 

used by women in north-central Nigeria. 

- Determining the technical performance of cooking stoves used in north-central, Nigeria by the 

boiling water technique 

-Study the nfluence of the type of cooking stove on performance, as well as the savings that can 

be achieved with the different cooking stoves.  

 

MATERIALS AND METHOD 

Materials  

A representative sample of four types of charcoal cooking stovesbeingused in Panyam, Mangu, 

Jos-south and Jos-Northwere compared with Kollyson-Yoyo stove. The five models of cooking 

stoves are described in the following paragraphs. Each stove model represents a family of similar 

charcoal cooking stove models. 

(1) The charcoal/Wood circular cooking stove 

For this traditional charcoal cooking stove, very often, the sheet metal used in the construction 

of this type of stoves are the carcasses of abandoned cars or scrap metal. The coal chamber is 
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circular with holes distributed over the bottom. The stove is covered with a thin coat of paint for 

aesthetics.  

The following Figure 1 describes this type of cooker. 

 
Figure 1: The charcoal/Wood circular cooking stove 

 

(2) Square charcoal cooking stove 

Usually manufactured by welders from metals (usually iron), it is widespread and mainly used in 

households and in food service locations. This type of cooking stove (see Figure 2) is widely 

available throughout the country. 

 
Figure 2: Square charcoal cooking stove 

(3) Charcoal cooking stove made of baked clay 

In keeping with rural uses and practices, this stove is made from a local material available in the 

environment: fired clay (see Figure 3). It is used because of its resistance to weather conditions 

such as heat, wind, rain, insulation capacity etc. (see Figure 3). This stove allows a good part of 

the energy to be contained in the material due to the thermal properties of clay. 

https://www.aimspress.com/article/doi/10.3934/energy.2021005?viewType=HTML#Figure2
https://www.aimspress.com/article/doi/10.3934/energy.2021005?viewType=HTML#Figure3
https://www.aimspress.com/article/doi/10.3934/energy.2021005?viewType=HTML#Figure3
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Figure 3: Charcoal cooking stove made of baked clay  

(4) Nansu charcoal cooking stove 

Made from metal (iron or aluminum) and clay, the Nansu stove, shown in Figure 4, is a clay stove 

with a metal lining. The upper part consists of a ceramic core for the fuel, two handles used to lift 

the stove and three triangular metal rod supports on which the pot rests. The lower part of the 

stove rests on a pedestal and has a door at the front of the stove to control air flow and remove 

ashes. 

 
Figure 4.  Nansu charcoal cooking stove. 

(5)Kollyson-Yoyo Charcoal Stove: Design Solutions 

We began design and development work on the stoves based on the scientific principles of the 

Maputo Ceramic Charcoal Stove and informed by the experience of the stove users perticularly 

the women in Panyam, Mangu Local Government, Jos-south and Jos-North, Plateau 

State(Bradnum et al., 2013). The intention of this phase of the project was to develop solutions 

from concept sketches into physical test models, test the scientific validity of the new design 

through basic efficiency tests and also test the user reaction to the designs proposed(Boztepe, 

2007). This phase resulted in several minor improvements to the current stoves including: the 

addition of a removable ash tray and the addition of a cover plate. In addition to this, several new 

stoves were developed: the Prism Design, Double Walled, Based on Scientific Principle andthe Pot 

Skirt. What follows is a brief collection of the more interesting designs and some of the results 

obtained. The Yoyo charcoal stove was manufactured and developed based on the combination 

of users desire, energy safety, efficiency, durability and longevity (Boztepe, 2007). 

https://www.aimspress.com/article/doi/10.3934/energy.2021005?viewType=HTML#Figure4
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Figure 5: Kollyson-Yoyo Charcoal Stove 

 

YOYO Charcoal Stove Uniqueness: 

Double metal walled filled with fiber coupled with rechargeable battery and a blower of 12volt 

power bank  

• Forced air stoves have a fan powered either by a battery, an external source of electricity, 

or a thermoelectric generator. This fan blows high velocity, low volume jets of air into the 

combustion chamber, which when optimized results in more complete combustion of the 

fuel(Global Alliance for Clean Cookstoves, http://cleancookstoves.org/technology-and-

fuels/stoves/) 

 

Methods Methods 

a. The water boiling test (WBT), stove performance test protocol version 1.5 (Bailiset al., 2004) 

was used in this study to measure performance during operation of the stoves. This method 

has three components: a test at high power that is conducted with cold and hot start 

conditions and a test at low power that begins immediately after the hot start phase. In this 

study, the high power test was conducted with the cold start phase to determine the thermal 

efficiency, fire power, specific fuel consumption and the burn rate of the various stoves. The 

water boiling test procedure is described below  

i. The pots are weighed empty and dry, then the weights are recorded 

ii.  The pots are filled with water to 2/3 of their capacity , their new weights are taken 

and recorded 

iii.  A quantity of wood not more than twice the estimated needed amount Taken, 

weighted, and its weight recorded. 

iv.  A thermometer was placed in each pot and the water temperature may be 

measured at the center, about 1 cm from the bottom.  

The water temperature was recorded. 

v. A record of the time at which water in the first pot comes to full boil was taken  

vi.  At this point, the following rapidly done:  

• All wood from the stove was removed and any charcoal knocked off. The Weight 

the wood, together with the unused wood from the previously weighted supply was 

taken.  

• The Weight of all charcoal was separately taken.  

https://en.wikipedia.org/wiki/Thermoelectric_generator
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• A Record the water temperature from each pot was taken.  

• Each pot, with its water was weighted. 

 • The charcoal, burning wood and pots were returned to the stove to begin the 

“low power “phase of the test. i. The charcoal and all remaining wood was recovered 

and weighted separately, the weights are recorded ii. The weight of each pot with 

its remaining water was taken and recorded 

 

The stoves were tested in the out-door environment to match the cooking method mostly used 

by the people in Mubi. The test was conducted in Yelwa ward, Mubi metropolis of Adamawa 

State. Each stove was loaded with the required quantity of fuelwood or charcoal, and sprinkled 

with 10ml of kerosene to aid ignition. A Pot without lid was filled with 2kg of water and placed on 

the charged stove and was observed till boiling. At boiling, the pot was removed from the stove 

and the fire was immediately quenched. The measurements taken before, during and after the 

experiment include: the calorific value of fuels, the moisture content of fuels, the mass of the pot, 

the initial mass of fuel, the mass of fuel remaining, the mass of water in the pot at the beginning 

and end of the test phase, temperature of water at the beginning and end phase and the time 

taken to boil the water. Each experiment was repeated four times and average results recorded. 

The water boiling test (WBT) method can be used to assess the thermal efficiency (H), the fire 

power (P),  the specific fuel consumption (SC) and the burn rate (F) of stoves . Several formulae 

relating to  cookstove performance have been developed. For this study the methods based on 

the approach by (Johnson 2015) and (Gallagher et al., 2016). would be used.  

1. Thermal efficiency (H) is the ratio of the work done by heating and evaporating water to the 

energy  consumed by burning wood (Johnson 2015).Mathematically, 

 
Here, Ww is the mass of water in the potin Kg, 4.186J/g0C the specific heat of water, (Tf – Ti) the 

change in water temperature in oC,(Wv) is the of the amount of water evaporated from the pot, 

while 2260J/g is the latent heat of evaporation of water. The dry wood equivalent consumed 

during each phase of the test is (fd) in Kg and the LHV, lower heating value (also called net heating 

value) of the fuel.  

2. Fire Power (P) is the ratio of the wood energy consumed by the stove per unit time (W) during 

each phase of the test .Mathematically,  

 

 
Where (tf – ti) is the duration of the specific test phase. 

3. Specific fuel consumption (SC) is the ratio of the amount of fuelwood consumed to the amount 

of water remaining at the end of the trial, can be defined for any number of cooking tasks, and 

should be considered “the fuelwood required to produce a unit output” whether the output is a 

boiled water, cooked beans, or loaves of bread (Johnson 2015).Mathematically  
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Where, Wwf is the mass of water boiled in Kg. In this case specific fuel consumption refers to a 

measure of the amount of wood required to produce 2kg of boiling water.  

4. Burn rate (F) is the measure of fuel consumption to  bring water to boil. It is the ratio of fuel 

consumed to duration of the test (Gallagher et al., 2016).Mathematically,  

 
where, t is the total time taken for burning fuel, Wi is the initial mass of the fuel before burningin 

Kg, Wf is the mass of fuel after burning in Kgand M is the moisture content.  

Moisture Content  

 

RESULTS AND DISCUSSION DISCUSSIONS 

The moisture content was measured to be 9.6% for the fuelwood. The charcoal which is the 

byproduct of the combustion of wood has a moisture content of 5.2%. The calorific value of 

fuelwood was determined as 18400KJ/kg and for charcoal was 27600KJ/kg. Results of the five 

stoves tested are summarized for easier comparison in Table 1; the time to boil, thermal 

efficiencies and specific fuel consumptions for the four stoves tested are also presented as bar 

graphs in Figs 5, 6 and 7 respectively. 

 

Table1: Water Boiling Rate (WBT) Results for the various stoves tested 

Parameters 

 

Circular 

Charcoal 

stove 

Square 

charcoal 

cooking stove 

Baked 

Charcoal 

stove 

Nansu 

Charcoal 

stove 

Kollyson-Yoyo 

charcoalstove 

Mass of Pot (kg) 

Mass of stove(kg) 

Initial fuelMass(kg) 

Final Fuel Mass(kg) 

Initial Temp ◦C of water 

Final Temp ◦C of water (kg) 

Initial Mass of Water (kg) 

Final  Mass of Water (kg) 

Boiling During(kg) 

Fire Power (W) 

Specific Fuel Consumed 

Burn Rate(kg/min) 

Thermal Efficiency(%) 

0.42 

0.37 

3.15 

2.76 

26.2 

100 

3.0 

2.92 

17.5 

0.52 

0.33 

0.0283 

9.50 

0.42 

0.88 

2.70 

2.42 

26.2 

100 

3.0 

2.90 

15.8 

0.50 

0.30 

0.028 

11.41 

0.42 

1.43 

1.10 

0.96 

26.2 

100 

3.0 

2.91 

14.1 

0.45 

0.23 

0.008 

14.20 

0.42 

1.74 

0.90 

0.82 

26.2 

100 

3.0 

2.93 

13.4 

0.4 

0.18 

0.007 

21.43 

 

 

0.42 

2.88 

0.61 

0.69 

26.2 

100 

3.0 

2.9 

12.2 

0.31 

0.08 

0.006 

24.12 
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Table 2: Cost of Stove 

Type of Stove Type of Fuel Cost In (Naira) 

Circular Charcoal stove 

Square charcoal cooking 

stove 

Baked Charcoal stove 

Nansu Charcoal stove 

Kollyson-Yoyo charcoalstove 

Wood 

Charcoal 

Charcoal 

Charcoal 

Charcoal 

500 

1000 

800 

7000 

10000 

 

 

Figure 6: Time of Boiling 

 
 

Figure 7: Specific Fuel Consumption  
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Figure 8: Thermal Efficiency 

 
 

Through the present study, we have managed to show that among the five types of charcoal 

cooking stoves commonly used in North-central Nigeria, only two present interesting energy 

performances and safety. These are the Nansu and Yoyo stoves respectively. However, the study 

revealed that only the Kollyson-Yoyo cooking stove has excellent durability with a lifespan of 

between 3 and 5 years. The improved stove technology should include the use of double walled 

vacuum as this study proves that the presence of double walled frame improves the energy 

performance of the stoves(Boztepe2007), the reduction of pressure on the forests, the 

improvement of the household economy and the reduction of the drudgery of collecting wood 

for women and children(Zhao et al., 2020). It is desirable that the authorities in charge of energy 

and environment issues popularize the improved stoves as much as possible to subsidize their 

purchase.  

 

CONCLUSION 

The present study shows that among the five types of charcoal cooking stoves commonly used in 

Panyam, Mangu,Jos-south and Jos-North, only two presented interesting energy performances 

and safety. These are the Nansu and Kollyson-Yoyo stoves respectively. 

 However, the study revealed that only the Kollyson-Yoyo cooking stove has excellent durability 

with a lifespan of between 3 and 5 years. The improved stove technology should include the use 

of double walled frame, as this study proves that the presence of fiber in-between the walls 

improves the energy performance of the stoves. Switching to the Kollyson-Yoyo cooking stove is 

beneficial in several ways. The reduction of pressure on the forests, the improvement of the 

household economy and the reduction of the drudgery of collecting wood for women and 

children. It is desirable that the authorities in charge of energy and environment issues popularize 

the improved stoves as much as possible to subsidize their purchase.  
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RECOMMENDATION 

This study could not evaluate wood burning cook stoves and could not measure emissions from 

cookstoves.The next stages of research should address not only these aspects but also the 

implementation of new improved stove technologies. 
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