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INTRODUCTION 

The majority of the rural dwellers use traditional 

biomass stove and this faced with some 
challenges and limitations. Some of these 

challenges includes: environmental and gender 

friendly, low combustion efficiency, energy 

losses as a result of poor insulations, inadequate 

draft and air‐to‐fuel ratio and this eventually 

leads to incomplete or inefficient combustion of 

fuel and thus, high level of smoke and harmful 

emissions [1]. Some of the traditional stove lack 
considerations of the size, geometry and control 

of airflow. More than half of the world’s 

population relied on biomass fuels in form of 
wood, crop residue, animal dung and aquatic 

weeds as their primary domestic energy source 

[2]. Many a time, the combustion of these fuels 

is done indoors over open fires with little or no 
means of ventilation. Regular exposure to 

harmful emissions of biomass fuel can induce 

the risk of acute respiratory infections, chronic 
bronchitis and obstructive pulmonary disease on 

the users and as well as people around the 

environment [1]. Poor indoor air quality 

associated with biomass fuel combustion is 
responsible for 2.7% of the global burden of 

disease [2]. Women and children are more 

vulnerable to the health risks associated with 
biomass fuel combustion and poor indoor air 

quality [2].About 1.6 million women and 
children died annually and this can be attributed 

to indoor air pollution. More than 56% of the 

total annual deaths are children under the age of 
five [3]. 

Energy is a necessary requirement for everyday 

life. The production of briquettes and pellets 

have been considered as a better way of 
alleviating the shortfall in fuel wood and most 

importantly reduced deforestation in the rural 

areas where tree have been cut down for 
domestic cooking and fish smoking and drying.. 

Energy is the mainstay of Nigeria economic 

growth and development. Densification for 
briquetting improves the handling and 

combustion characteristics of biomass and 

thereby reduces transportation cost as well as 

production of a uniform, clean, stable fuel, or an 
input for further refining processes of biomass 

[4, 5]. The production of briquettes, pellets and 

their packaging will engenders spring up of 
small and medium scale enterprise opportunities 

for production of screw and hydraulic presses 

for densification of agricultural and aquatic 
wastes. Larger percentage of Nigerians living in 

the rural areas rely solely depend on fuelwood 

for cooking despite the discomfort posed on the 

user as a result of smoke [6, 7]. 
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Renewable energy such as firewood, twigs and 

charcoal contributed approximately 51% of the 
total annual energy consumption in Nigeria[8].  

Akinbami [9] reported various types of energy 

sources which involves; natural gas (5.2%), 
hydroelectricity (3.1%), and petroleum products 

(41.3%).The upsurge observedin the demand for 

firewood consumption contributed the present 

fuelwood scarcity in the developing countries 
such asNigeria. It is highly imperative to shift 

from commonly known energy sources that not 

environmental friendly to the sustainable energy 
sources such as briquettes and pellets[10].The 

survey conducted on biomass cooking stoves, 

bucket stove accounted for 71%, three-stone 
(open fire stove) stove accounted for 18% and 

11% other types of stoves that use fuel such as 

rice husk, sawdust and biogas of rural families 

[11]. The greater percentage of rural dwellers in 
Nigeria use metal trivets; the trivet consists of a 

horizontal metal ring to which three legs are 

attached [12]. The biomass cooking stoves are 
far less efficient compared to modern stoves 

such as oil, gas, and electric. The thermal fuel 

efficiency of kerosene or Liquefied Petroleum 

Gas (LPG) fuelled stoves can be as high as 45-
48%, while that of a wood stove averages only 

15-20%. The efficiency of stove performance 

varied from 20.86 to 33.95% [13]. The 
efficiency of Meechairice huskstove was 23% 

and sawdust stove was 17%. An appropriate 

biomass stove should be simple, reproducible, 
adaptable to any fuel stove, and reflect local 

cooking practices [14]. 

The performance of charcoal bucket stoves was 

found to have significant effect on stove size, air 
inlet area, gap height, grate holes area, 

aluminum pot size, quantity of water used in the 

test, and quantity, quality and mass of charcoal. 
It was also found that stove performance 

improves with increased in stove diameter, the 

air inlet area is decreased, or the gap height is 
reduced. The thermal fuel efficiency of a bucket 

stove fuelled by different types of biomass such 

as charcoals, different firewood species, 

sawdust, rice husk, and lignite briquettes varied 
with the fuel type used and ranged from 18.5 to 

33.1% [15]. 

MATERIALS AND METHODS 

The design of biomass cooking stove was based 

on the following considerations: theavailability 

of materials locally to reduce the cost of 
production; easiness of loading and off loading 

of briquettes; easy evacuation of ash from the 

system; chimney was installed for proper 

discharge of smoke; there isprovision for 

storage and drying of briquettes in the system; 
different types of biomass briquettes or pellets 

can be used; it is desired that there should be 

minimum or no loss of heat during the 
combustion. The Physical and combustion 

properties of the fuel briquettes were considered 

in the determination of the design parameters of 

the biomass cooking stove. These properties 
include briquettes size and shape, and angle of 

repose of the briquettes.  Also considered were 

moisture content, density, and static and 
dynamic coefficient of friction of the briquettes.   

A Brief Description of the Biomass Stove  

The machine consists mainly of the combustion 
chamber, the air inlet compartment, the 

chimney,ash collection tray, briquettes storage 

chamber, stove stand.The frame which holds all 

the components together at their relative 
positions was constructed using 3 mm x 8 mm x 

38 mm angle iron.  The major components of 

the prototype are shown in the assembly 
drawing (Fig.1). The stove is rectangular shape 

and made of gauge 18 metal sheet.  The sides 

are insulated using sawdust to prevent loss of 

heat.There are four pot stands situated at equal 
distance around the circumstance of the fuel 

bed.  

The Combustion chamber is fabricated from 
mild steel plate of 16mm and with capacity of 

518.6cm
3
.  The machine was insulated using 

sawdust surrounded by a steel plate enclosure 
designed to accommodate charcoal or fire wood 

or any biomass material as fuel. A screen 

200mm diameter is provided at its base to allow 

for free air intake by updraft and the passage of 
ashes produced during combustion. Air inlet 

compartment was made for adequate ventilation 

within the stove and proper combustion of fuel 
charge (briquettes, charcoal and firewood). The 

dimension was 120x60 mm air inlet round the 

combustion chamber. Chimney was constructed 
to vent hot flue gases in the combustion 

chamber to the atmosphere.Ash collection tray 

is made of mild steel sheet metal. It is folded 

below the combustion chamber and inner base 
of the air inlet chamber. Ashes are expected to 

drop during fuel combustion for immediate 

disposal. 

Fuelbriquettes storage chamberis made of mild 

steel enclosure provided directly below the ash 

collector chamber for storing unused briquettes. 

The strategic location of this chamber facilitates 
drying of briquettes in storage. A loading door 

was also provided for gaining into this chamber. 
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Thestove standsare four 5.1 cm height metallic 

structures located at equal distances at each edge 
of the bottom part of the stove. These were 

provided to prevent rusting and heat losses 

through leakage occasioned by direct contact 

between the stove bottom and the ground 
surface. The major components of the prototype 

are shown in the assembly drawing (Fig.2). 

 

Figure 1. The biomass-cooking stove 

 

Figure 2. Pictorial View of the Biomass Cooking Stove. 

PERFORMANCE EVALUATION 

The water boiling time of the briquette, red 

mangrove wood, firewood and bituminous 

charcoal were investigated using biomass stove. 

The volume of a pot was measured and filled to 

2/3 of its volume by water. Pot was kept on a 

biomass stove and covered with propped lid to 

minimize the losses. The thermometer was fixed 
in the central part of the pot. 2kg of briquettes 

was measured and made into four parts for 

testing. The ambient temperature and initial 
temperature of water in the pot were measured. 

The setting time of fire was recorded after litting 

the fire. The final temperature of water after 
boiling was measured. Kept the fire continued 

by burning briquettes to heat water to vaporize 

until the given briquettes were used up. Quickly 

pot lid was removed and evaporation was 
continued for 20 minutes. Pot from the biomass 

stove was separated; cooled for 2 hours and 
volume of water of were measured [16, 17] 

thermal efficiency was calculated.The thermal 

fuel efficiency of the bituminous charcoal, red 
mangrove wood, firewood and briquette were 

determined using equation [18] 

TFE =
MwCp(Tb –To) + McL 

MfEf
                              (1) 

TFE = Thermal fuel efficiency of the energy; 

 P = Power Output; 

 Mw = Mass of water in the pot (kg);  

Cp = Specific heat of water (kJ/kgK); 

 To = Initial temperature of water (K); 

 Tb = Boiling temperature of the water (K); 

 Mc = Mass of water evaporated (kg); 

 L = Latent heat of evaporation (kg);  
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Mf = mass of fuel burnt (kg);  

Ef = Calorific value of the fuel (kJ/kg); 

Mw = Mass of water (kg); 

 t = Time taken to burn fuel (secs). 

SFC =  
Mass  of  consumed  fuel

Total  mass  of  smoked  fish
                         (2) 

RESULTS AND DISCUSSIONS 

The thermal fuel efficiency of the four 

traditional and common energy sources ranged 
between 58.74±5.65 firewood 

(Anthonothamacrophylla) and 72.93±4.34 (red 

mangrove).The analysis of variance revealed 

significant difference for the thermal fuel 
efficiency for the four energy sources tested 

(P<0.05).The thermal fuel efficiency of 

briquettes produced from cashew shell was 
15.5% as reported by [19].The obtained values 

from this study are higher than the 

corresponding values. The thermal fuel 
efficiency observed for firewood was lower 

compared to other energy sources. This could be 

due to losses caused by stronger flame. The 

corresponding thermal fuel efficiency for 
sawdust and rice husk ranged between 19.97 

and 21.64% and 26.20 and 27.27% respectively 

[20]. Performance test results show that the 
biomass stove has a highest thermal efficiency 

of 72.93±4.34%. The thermal fuel efficiency of 

biomass stove produced showed improve 
performance over traditional mud stove of 

17.9% [21]. The performance evaluation based 

on fuel consumption rate of kilakala stove 

reported to have about 30% fuel saving capacity 
compared to other traditional stove [22, 23[22, 

23, 24]. According to performance test 

conducted on the wood stove by Ayo, [25] 
revealed that the wood stove had a maximum 

thermal efficiency of 64.4% and minimum 

specific fuel consumption of 0.447].The 

utilization of biomass stove to determine the 
water boiling time for three traditional energy 

sources and fuel briquettes were 15.58±0.29 min 

(briquette), 13.16±0.50 min (charcoal), 

10.17±0.23 min (firewood) and 8.67±0.08 min 
(mangrove) (Table 1). The variation in these 

values of the boiling time of the energy sources 

revealed significant important. Among the 
energy sources mangrove had the lowest water 

boiling time while charcoal had the longest 

duration of water boiling time. The result 

showed that there is strong relationship between 
calorific value and water boiling time. The 

variations in values were similar with the 

corresponding values between  8-26 minutes for 
bio-coal briquettes produced by blending the 

materials at different concentration of 10 -50% 

with coal as reported by Onuegbu et al.[17]. The 
water boiling time ranged from7 min to 25 min 

was reported for briquettes of spear grass and 

charcoal [17]. 

The burning rate values of the traditional energy 
sources and fuel briquettes varied between 

0.89±0.13 g/min (charcoal) and 2.13±0.11 g/min 

(firewood) (Table 1). The different in the 
burning rate values of fuel types was 

significantly important (P<0.001). Charcoal 

revealed the lowest burning rate as compared to 

other energy sources. Onuegbu et al.[17] 
reported factors that could be responsible for 

burning rate of biomass such as chemical 

composition, volatile matter content and 
geometry (bulk and packing orientation) of the 

biomass. The specific fuel consumption of the 

three traditional fuel sources and briquettes were 
210.59±5.71 g (briquette), 231.02±8.97 g 

(charcoal), 272.21±9.04g (firewood) and 

297.42±8.05g (red mangrove) as shown in Table 

1. The different in the specific fuel consumption 
of the studied energy sources was significantly 

different (P<0.001).Though, biomass of higher 

ash content tends to consume more fuel for 
cooking than biomass of lower ash content.  

According to Onuegbu et al. [17] reported that 

percentage ash content is one of the factors that 
affect specific fuel consumption of fuel 

briquettes negatively.  

Table1. Comparative studies of combustion characteristics of water lettuce briquette, mangrove wood, firewood 

and charcoal 

Combustion parameters Briquettes 

MeanSEM 

Charcoal 

MeanSEM 

Firewood 

Anthonothamacrophylla) 

MeanSEM 

Red mangrove 

wood MeanSEM 

Thermal fuel efficiency (%) 65.31±2.23b  72.93±4.34a  58.74±5.65d  60.68±3.04c  

Specific fuel consumption 

(g\l) 
210.595.71d 231.028.97c 272.219.04b 297.428.05a 

Burning rate (g\min) 0.890.13d 0.960.12c 1.940.11b 2.130.11a 

Boiling time (min.) 15.580.29a  13.160.50b 10.170.23c 8.670.08d  
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Means with same letter along the column are not significantly different (P>0.05) using DMRT, SEM-standard 

error of mean. 

CONCLUSION 

The biomass stove was produced using locally 

available materials and this makes the machine 

more affordable. The machine does not require 
any highly technical expertise for it operations. 

Performance evaluation indicated that biomass 

stove has thermal fuel efficiency for the 
traditional energy sources and fuel briquettes 

ranged between 58.74±5.65 firewood 

(Anthonothamacrophylla) and 72.93±4.34 (red 

mangrove). The energy source with lowest 
specific fuel consumption corresponds to 

briquettes. The highest and lowest water boiling 

time corresponded to briquette and mangrove. 
Biomass stove produced competed favourably 

with other traditional and improved stove.  
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