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Abstract

The study design and develop a highly energy-effi cient biomass stove using waste biomass as fuel and recovering waste heat from the combustion chamber for the 
drying function. The system uses a single thermal energy source to power both the drying and product chambers. Four industrial thermometers were placed in each of 
the three chambers and one outside to simultaneously record their instantaneous temperature values. Temperature data were taken every 20 seconds for the duration 
of the 900-second experiment. Only the three thermometers in the chambers started to react appropriately as soon as the combustion began. The combustion chamber 
recorded 520⁰C, the product chamber recorded 98⁰C, and the drying chamber recorded 170⁰C after 900 seconds. Calculations reveal that during the same period, the 
combustion chamber produced 891.00J/s of heat energy, while the drying and product chambers absorbed 217.50J/s and 569.70J/s, respectively. Consequently, the 
product and drying chambers’ thermal effi ciencies are reported as 63.94% and 24.41%, respectively, bringing the system’s overall thermal effi ciency to 88.35% with the 
system ultimately losing 11.63% of the total thermal energy generated. The composite insulation enhanced the thermal insulation of the system, thereby contributing 
to its improved conservation of energy. Therefore, to achieve optimal thermal energy consumption and improved thermal effi ciency in the heating of food items, this 
biomass stove will be crucial. Waste biomass is a good source of thermal energy that can be used in place of other energy sources, particularly fossil fuels, and end the 
devastating effects of the energy challenge in the agro-processing industry.

Introduction

Every country in the world works to meet the energy needs 
of homes and businesses, with agro-processing being a major 
concern. A huge quantity of thermal energy is being consumed 
on a daily basis in the agro-processing business [1-7]. The 
relevance of thermal energy in the agro-processing industry 
can never be over-emphasized. The agro-processing industry 
requires energy for heating, cooling, drying, and electricity, 
and the total energy demand for food processing is about three 
times the direct energy consumed behind the farm gate [1, 
6-14]. Rice, palm oil, garri, and fi sh agro-processing plants 
consume large amounts of thermal energy during parboiling, 
sterilization, frying, and drying, respectively. For fi sh 
processing, the direct energy demand for canning, freezing, 
drying, and producing fi sh meal and fi sh oil by-products 
is very high. Drying is a highly energy-intensive process, 
accounting for 10–20% of total industrial energy use in most 

developed countries [15-29]. The demand for energy for rice 
processing increases every year, and energy conservation in 
rice processing industries would be a viable option to reduce 
the intensity of energy by increasing the effi ciency of rice 
processing systems, which leads to a reduction in emissions 
and an increased supply of rice husk energy to other sectors as 
well [3]. Agriculture is heavily reliant on energy as a production 
factor, which makes it highly susceptible to energy prices and 
energy availability [5, 27-31]. More so, Power unreliability and 
unavailability have prompted industrial fi rms, households, and 
commercial enterprises to depend on private diesel and petrol-
fueled generators [6-8. Increasing dependence on energy usage 
(mainly fossil fuels) throughout the entire food chain raises 
concerns about the impact of high or variable energy prices on 
production costs, competitiveness, the fi nal price of food for 
the consumer, as well as concerns about energy security [3,9]. 
As a result, the global energy crisis has called for a diversion 
from the sustained utilization of fossil fuels [10-18]. 
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Therefore, the idea of this proposal is to design and produce 
a biomass dual thermal system for food processing plants by 
utilizing some locally sourced eco-friendly materials like 
sawdust. This project will produce a healthy, well-improved, 
low-cost, bio-based, and commercialized biomass stove, to 
expand the income-earning opportunities for Nigerians and 
other countries, and to create job opportunities for industrial-
driven people who may want to be trained on biomass stove 
production from agro-processing waste.

Experimental Procedure

The experimental materials are as follow; stainless steel 
plate, mild steel plates, angular bar (mild steel) industrial 
thermometer, biomass feedstock (sawdust), plaster of paris 
(POP), plywood board, cassava starch, water, cooking gas 
cylinder, 4-inch hollow pipe, 1-inch hollow pipe, 32-ton 
hydraulic jack, press and stirrer: The four (4) thermometers 
with different temperature ranges (0⁰C - 650⁰C, 25⁰C - 650⁰C, 
0⁰C - 120⁰C and 0⁰C - 60⁰C) were used in the study (Figure 1).

The biomass dual thermal system is made up of three main 
chambers, namely, the combustion chamber, the product 
chamber, and the drying chamber. Additionally, it also has 
several relevant components, which are: a fl at plate heat 
exchanger, chimney, exhaust pipe, and composite insulated 
wall. The biomass stove was developed by means of welding 
and carpentry work. The metallic sheets were measured and 
cut to the required dimensions. The product and combustion 
chambers were the fi rst to be built, and then the making of 
the drying chamber was made. Next was the making of the 
chimney component, which was used as a connector to weld 
the drying chamber to the combustion chamber. The welded 
work was then welded to a fl at rectangular base, which gave 
it fi rm support while the remaining work continued. The 
angular bar metal was welded around the base to serve as its 
stand and to hold the composite insulators in their appropriate 
positions. The exhaust pipe was designed and welded to the 
top of the drying chamber. The woods were measured based on 
the external dimensions of the system using a measuring tape. 
Screw nails were used to hold them together on the external 
curved surface of the thermal system to insulate it against 
heat loss. In the body framework, the wood is prevented from 
making direct contact with the metallic surfaces by creating 
a 30 mm gap around the system externally. This gap is fi lled 
with Plaster of Paris, which gives rise to composite insulation 
in order to boost the thermal insulation.

Preparation of biomass briquette involves pouring one 
(1) litre of water into a 5-litre metallic cylindrical container, 
0.2litres of solid starch was disintegrated into it and was 
thoroughly stirred. The container was placed over a fi re and 
continuously stirred until a gelatinous solution was obtained. 
A 5-litre volume of sawdust was gradually poured into the 
starch solution and continuously stirred with a paddle to 
obtain a uniform mixture. Afterwards, the mixture was fed 
into a small pipe (of 4 inches diameter) with a smaller hollow 
pipe (of 1 inch diameter) placed in the middle. With the help of 
a hydraulic jack, the biomass was subjected to a compressive 
force to an extent and allowed to stay for 20 minutes before 
being disengaged.

The experiment was conducted between 9.30 am and 10.00 
am. 0.8kg of biomass briquettes was fed into the combustion 
chamber and well placed on the perforated plate. The four (4) 
industrial thermometers were carefully and well positioned in 
the combustion chamber, product chamber, drying chamber, 
and the surrounding areas, respectively. The biomass briquettes 
were ignited and allowed to burn for the next 900 seconds (15 
minutes). The temperature readings were taken concurrently at 
intervals of 20 seconds throughout the experimental duration. 
All the temperature readings were then tabulated for further 
analysis (Figure 2).

Rate of heat supplied from the combustion chamber

During the combustion process in the combustion chamber, 
heat was generated from the biomass briquette and conveyed 
away from its surface by the convective heat transfer process. 
Hence, the rate of heat energy supplied is given by (Rajput, 
2008):

Qcc = hA (Tcc - T∞)                                                                                        (1)

Where Qcc is the rate of heat energy supplied from the 
combustion chamber 

h is the convective heat transfer coeffi cient

A is the cross-sectional area of the product chamber base

Tcc  is the surface temperature within the combustion 
chamber

T∞ is the ambient temperature

Figure 1: Lsometric view.
(1) Combustion chamber, (2) Product chamber, (3) Drying chamber, (4) Chimney, 
(5) Perforated drying tray, (6) Exhaust pipe, (7) Plaster of Paris (POP), (8) Plywood 
board.

Figure 2: (a) The System without Insulation, (b) The System with Insulation, and 
(c) Biomass briquettes.
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Rate of heat transferred to product chamber

Heat transferred to the product chamber is given by (Rajput, 
2008): 

Qpc = -k A 
dT

dx
                                                                                                                           (2)

  (  ) 1 2
(  )1 2

k A T T

x x





                                                                                                                     (3)

where Qpc  is the heat transferred to the product chamber

A is the base surface area of the product chamber

k is the thermal conductivity of the base (stainless steel fl at 
plate)

dT

dx
 is the temperature gradient

T1 is surface temperature at x1 (T1 – Tcc)

T2 is surface temperature at x1 (T2 – Tpc)

x1 – x2 = Thickness of stainless-steel fl at plate

Rate of heat transferred to the drying chamber

Heat transferred to the drying chamber is given by (Rajput, 
2008):

Qcc = hA (Tdc - T∞)                   (4)

Where Qdc is the rate of heat energy supplied from the 
combustion chamber

h is the convective heat transfer coeffi cient 

A is the cross-sectional area of the product chamber base

Tdc is the temperature within the drying chamber

T∞ is the surrounding temperature 

Thermal effi ciency for the product chamber

Thermal Effi ciency for the product chamber is given by:

100
X 

1
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                                                                                      (5)
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Thermal effi ciency for the drying chamber 

The thermal effi ciency for the drying chamber is given by:

100
X

1
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                                                                                                              (7)
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                                                                             (8)

Overall thermal effi ciency for the entire system

The overall thermal effi ciency for the system is given by:

   100
X

1

Q Qpc dc
T Qcc
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

                                                                              (9)
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                                                           (10)

Overall heat transfer coeffi cient for the system (Figure 
3)

The heat transfer rate through a composite wall, Q = UAΔT, 
where U is the overall heat transfer coeffi cient, and A is the 
surface Thf area of the composite wall. And ΔT is the overall 
temperature difference.

Therefore, U =  

1
L L1 1A B  

B1 A 2h k k h
     

Where Thf is temperature of the hot fl uid, T1 is temperature 
of surface 1, T2 is temperature of surface 2 (interface) between 
POP and plywood board, T3 is temperature of surface 3, Tcf is 
temperature of cold fl uid, kA is thermal conductivity of A-slab 
(POP), kB is thermal conductivity of B-slab (Plywood board), LA 
is thickness of slab A, LB is thickness of slab B, h1 is convective 
heat transfer coeffi cient of fl uid 1, h2 is convective heat transfer 
coeffi cient of fl uid 2.

Result and discussions

Figure 3.1 shows the variation of temperatures of the 
three chambers with time. Hence, as combustion began to 
take place, it was observed that the temperature readings on 

Figure 3: Series arrangement of Plaster of Paris (POP) and Plywood board as 
composite insulators in the Biomass Stove.



10

https://www.engineegroup.us/journals/journal-of-civil-engineering-and-environmental-sciences

Citation: Nwambu C, Ekwedigwe C, Nwoke V, Okelekwe N, Nwankwo C. Eco-Friendly Industrial Biofuel Oven From Locally Sourced Renewable Agricultural Waste. 
J Civil Eng Environ Sci. 2026;12(1):7-13. Available from: https://dx.doi.org/10.17352/2455-488X.000099

the three thermometers placed in the chambers showed no 
observable change in temperature in the fi rst 60 seconds of 
the experiment. After 120 seconds, there was a bit of a sharp 
increase in temperature in the combustion chamber, followed 
by the temperature values in the other two chambers some 
seconds later. While the experiment progressed further, the 
various temperatures increased accordingly. The temperature 
readings in the combustion chamber were the fastest, the 
temperature readings in the drying chamber were next, and 
the temperature readings in the product chamber were the 
slowest. For instance, where the temperature readings, say, at 
point 15 (280 seconds), the combustion, product, and drying 
chambers recorded 155⁰C, 48⁰C and 75⁰C respectively. The same 
trend continued till the last point (900seconds) where the fi nal 
temperature readings from the chambers were recorded as 
520⁰C, 98⁰C and 170⁰C respectively. As the product and drying 
chambers absorb heat energy, Tpc and Tdc increase at different 
rates.

Figure 4.0 shows the various values of thermal energy 
obtained concurrently in the three chambers during the 
experiment. As the experiment progressed, the values of the 
thermal energy were observed to increase accordingly. Figure 
4.0 reveals unique information instead. As thermal energy 
continued to be generated and supplied from the combustion 
chamber, the rate at which thermal energy was being absorbed 
was much higher for the product chamber than for the drying 
chamber. At the same point 15 (280 seconds), the combustion, 
product, and drying chambers recorded 234.00J/s, 144.45J/s, 
and 75.00J/s respectively. The same trend continued to the 
fi nal point of the experiment, where the combustion chamber 
supplied 891.00J/s, the product chamber and drying chamber 
absorbed 569.7J/s and 217.5J/s of thermal energy, respectively. 
Basically, product and drying chambers received heat by 
conduction and convection, respectively, which have different 
heat transfer controlling laws (Figure 4).

Figure 5 shows the amount of generated thermal energy 
from the combustion chamber and the corresponding amounts 
distributed to the product and drying chambers, in addition to 
the residual energy lost to the surroundings. Hence, 569.7J/s 
and 217.5J/s of thermal energy were absorbed by the product 
and drying chambers, respectively, as 103.8J/s of the generated 
thermal energy got lost to the surroundings.

Figure 6 shows the thermal effi ciencies of the product and 
drying chambers. Hence, the product chamber absorbed 63.94% 
of the total thermal energy generated from the combustion 
chamber, while the drying chamber absorbed 24.41% of the 
total thermal energy generated.

Figure 7 shows the overall thermal effi ciency of the biomass 
dual thermal system, which is 88.35%, and the corresponding 
11.65% of the generated thermal energy lost to the surroundings. 
The recovery of most of the lost thermal energy from the 
combustion chamber boosted the 63.94% thermal effi ciency of 
the product chamber to the 88.35% overall thermal effi ciency 
of the system.

The fi nal temperatures obtained at the end of the experiment 
are: 520⁰C for the combustion chamber, 98⁰C for the product 
chamber, and 170⁰C for the drying chambers. The combustion 
chamber generated 891.00J/s of thermal energy. 569.70J/s of 
the generated thermal energy from the combustion chamber 
was transferred to the product chamber, which gave rise to 
63.94% thermal effi ciency of the product chamber. 217.50J/s 
of the generated thermal energy was transferred to the drying 
chamber, resulting in 24.41% thermal effi ciency of the drying 
chamber. The total rate of heat energy transferred to both the 
product chamber and drying chamber is 787.20J/s. The overall 
thermal effi ciency for the entire thermal system is 88.35%. 
11.65% (103.80J/s) of the generated thermal energy from the 
combustion chamber was totally lost by the system to the 
surroundings. 321.30J/s of thermal energy is not transferred 
to the product chamber for the primary thermal function. Figure 3.1: Variation of Temperature (⁰C) with Time (seconds).

Figure 4: Variation of distributed thermal energy (J/s) with Time (seconds).

Figure 5: The amount of thermal energy (J/s) absorbed by the product and drying 
chambers.
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67.69% of the waste heat lost from the combustion chamber 
was recovered and transferred to the drying chamber. 32.31% 
(103.80J/s) of the waste thermal energy fi nally got lost to the 
surroundings. The external surface of the composite insulators 
remained at the surrounding temperature. Throughout the 
duration of the experimental work, the combustion process 
remained active without any external aid of supplying air by 
forced convection. During the combustion process, there was 
no backfl ow of smoke through the air-inlet opening of the 
combustion chamber; rather, all smoke left through the exit 
end (chimney) of the combustion chamber [28-32].

Further analysis 

The fi ndings will go a long way towards helping food 
processing plants to achieve a drastic reduction in the amount 
of energy consumption. Applying the biomass stove thermal 
model in the agro-processing plants will result in increased 
thermal effi ciency, of which most of the heat energy being 
lost will be recovered for carrying out other thermal functions, 
like drying of freshly prepared biomass briquettes and even 
the drying of food items. In this regard, too, the composite 
insulation is of great relevance as it enhances the conservation 
of thermal energy by the thermal system.

Secondly, from the fi ndings, the use of waste biomass as a 
generously affordable source of thermal energy will bring about 
a tremendous reduction in the cost of energy consumption. 
When this is implemented, the cost of energy consumption 
will drop, thereby affecting the overall agro-processing plant’s 
cost of production positively and then boosting the gross 
profi t margin. The design model promotes self-reliance in the 

generation of thermal energy. As a result, the built-in drying 
chamber in the thermal system effi ciently handles the drying 
stage in the biomass briquette production and makes them 
available whenever needed. This feature addresses the greatest 
challenge in processing biomass, which lies in its drying. 
With sawdust as the biomass feedstock, no further grinding 
is required. Hence, sawdust feedstock takes much less time 
to process into biomass briquettes than most other biomass 
feedstock that usually requires grinding. With the application 
of the biomass dual thermal system design model, one critical 
implication of it is getting our environment free of such waste 
and keeping the environment safe. The non-use of the waste 
biomass at the time being has caused widespread dumping in 
every available space, leading to environmental degradation. 
Thus, with a gradual increase in the utilization of the waste 
biomass, their economic value will improve, and they will be 
neatly managed, which will lead to a much safer environment. 
Another implication of the fi ndings is that the thermal model 
is very convenient during application. The various components 
and sections of the thermal system are appropriately fi gured 
out and engineered so that its simplicity makes it highly user-
friendly. The fi ndings from this study entail great prospects for 
the agro-processing industry, where the utilization of thermal 
energy is applicable. It is highly recommended for the garri, 
rice, palm oil, fi sh processing businesses, etc., as an appropriate 
thermal model to contribute immensely towards optimal energy 
and improved thermal effi ciency in the industry. The waste 
biomass obtained from these food processing plants, coupled 
with the enormous amount of thermal energy generated on a 
daily basis, is suffi cient enough to be harnessed for providing 
the thermal energy needed for their heating activities.

Conclusion

This research work on Evaluation of Thermal Performance 
of a Locally Produced Biomass Stove has shown that waste heat 
energy from agro- processing plants can be effi ciently recovered 
and harnessed for thermal functions like food heating, drying 
of food items, and even the drying of freshly prepared biomass 
briquettes. The temperature of 170⁰C and thermal effi ciency 
of approximately 24% obtained for the drying chamber is a 
clear indication that a great deal of agro-processing thermal 
activities can be achieved by harnessing the recovered waste 
heat from the combustion chamber. The design of the biomass 
stove equally contributed to the improved thermal effi ciency 
of the entire system. The perforated square plate placed inside 
the combustion chamber, which is held fi xed 10mm uniformly 
above the base, carries the bulk of the burning biomass 
briquette. The plate enhances the steady supply of air from 
beneath the plate, which carries the biomass briquette and 
creates steady oxidation of the combustion process. More so, 
the design of the chimney, with a cross-sectional dimension 
of 150mm long by 80mm wide, allows a small amount of air 
movement through it to the drying chamber. Also, the biomass 
packing rack in the drying chamber is perforated completely 
and raised 10mm above the base. This plate creates a uniform 
distribution of thermal energy in the drying chamber and 
leaves the chamber through the exhaust. Based on the fact 
that the sawdust biomass briquette burned moderately during 

Figure 6: Thermal Effi ciency for the System Components.

Figure 7: Overall Thermal Effi ciency of the System.
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the experiment, this research has shown that waste biomass 
is also a good source of energy for generating thermal energy 
for agro-processing thermal functions. Even as sawdust is 
available in very large amounts at sawmills, agricultural crop 
residues like cassava peels, rice husks, coconut shells, etc., are 
also largely available at agro-processing plants. These items 
are being discarded with reckless abandon in our environments. 
As a matter of fact, the waste biomass costs basically nothing 
and with very low processing cost into useful energy resource. 
Hence, the research work has shown that waste biomass is the 
next alternative source of thermal energy for achieving most 
of the thermal activities at agro-processing plants. This will 
tremendously help agro-processing plants to cut down on 
their huge expenditures on power, thereby getting a low cost 
of production and gaining much more in net profi t.
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