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ABSTRACT 

Biomass oven, which worked with agriculture waste, was fabricated for 

drying. Hot air was pureed with chemical materials to not be effect dried 

products with emission. 

Four rates combustion (12.5, 25, 50 and 60%) from combustion chamber 

volume, the best combustion rate was 25% as the highest temperature in 

drying chamber in less time and less  CO2 concentration. After chosen the 

best combustion rate, biomass oven was worked with three air velocities 

(1.4 - 2 and 2.5 m/s) to choose the best velocity, which achieves the 

highest temperature and less relative humidity in drying chamber in less 

time.  

It was actuated with the best combustion rate and velocity, thereafter 

chemical materials were used in the filters to reduce carbon dioxide 

concentration in the drying chamber air and increase the temperature at 

an average of 4.5 C
o
 is higher than the use without them in filters. 

1- INTRODUCTION 

he mismanagement of the energy file during the last ten years, 

due to the stagnation in thought, fear, the inability to development 

and transformation resist to technologies alternative energy 

sources (Abo baker,2014). In the past decade, policies to encourage the 

use of renewable energy have grown in importance as part of the efforts 

to reduce dependence on non-renewable energy sources such as fossil 

fuels and as part of strategies to address global warming. Wood energy 

has been identified as a potentially significant source of renewable energy, 

and for this reason a number of developed countries have shown interest 

in increasing its use (Trossero, 2002). 
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Biomass is the third largest primary energy in the world, after coal and 

oil. It can be used to produce produces gas which can be used to generate 

power by gas  (Bapat et al.,1997). 

Agricultural waste was collected from different farms, that waste are 

barley straw, bean husk, leaves reeds , rice straw, corncobs, cotton strove, 

corn roods, casing, corn stalks and wheat straw. These nine waste account 

for about 65.6% from total amount of waste crops resulting at Egypt in 

(El-Zhabe, 1997). 

Combustion is the 1989 most developed and most frequently applied 

process used for solid biomass fuels because of its low cost and high 

reliability. The interest in using biomass residue pellets for heating 

purposes is increasing. (Gravalos et al.,2010 ).  

The rate of combustion is also important in the design of combustion 

systems. Occasionally, biomass combustion power plants have been 

observed to be under designed in terms of boiler volume and grate area 

for the rated capacity. Typical design heat release rates (expressed per 

unit grate area), for a stoker fired travelling grate combustor are in the 

range of 2 to 4 MW (thermal) M
-2

(Jenkins et al.,   1998).  

Biomass furnaces exhibit relatively high emissions of NOX and 

particulates in comparison to furnaces with natural gas or light fuel oil. 

Hence, they contribute significantly to particulate matter (PM), ozone, 

and NO2 in the ambient air. For wood combustion, a life cycle 

assessment (LCA) indicates that 38.6% of the environmental impact of a 

modern automatic wood furnace is attributed to NOX, 36.5% to PM 10, 

only 2% to CO2 and 22.9% to all other pollutants 7 the LCA for wood, 

light fuel oil, and natural gas also shows that the environmental impact of 

wood is higher than that for natural gas for a standard valuation of the 

greenhouse effect. Hence, improvements in the wood chain are necessary. 

(Nussbaumer et al., 2003). 

Hall et al.,2005 reported that the oven consists of following parts, A 

chimney to remove smoke from the kitchen, an enclosed fire to retain the 

heat, careful design of pot holder to maximize the heat transfer from fire, 

baffles to create turbulence and hence improve heat transfer, dampers to 

control and optimize the air flow, a ceramic insert to minimize the rate of 

heat loss, a grate to allow for a variety of fuel to be used and ash to be 
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removed, metal casing to give strength and durability and multi pot 

systems to maximize heat use and allow several pots to be heated 

simultaneously.The institutional rocket stoves are able to achieve 

maximum transfer of heat to the food because they heat at least 90% of 

the saucepan surface area and have insulation around the combustion 

chamber and fire passages. The institutional rocket stoves are made in 

two versions, the fixed rocket stoves and the mobile rocket stoves. Fixed 

rocket stoves are built in permanent shelters using bricks and mortar for 

the body work. (Kabuleta et al., 2004). 

The present study was conducted with the following objectives:  

1- Development a biomass oven to allow drying of agricultural products 

using agricultural waste 

2-Evaluate biomass oven performance through without load experiments. 

 

MATERIALS AND METHODS  

Fabrication Biomass Oven 

Biomass oven consists of three main parts as shown in figures (1) and (2) 

which are: combustion chamber, drying chamber and linking chamber 

which were developed to produce cheap energy.  

Combustion chamber was used to burn the biomass material after that 

send the generated heat by follow air through it to air filter before pushing 

this air to drying chamber containing the material to be dried. The internal 

and external walls of this chamber were made of 2.5 mm and 1mm 

thickness steel metal respectively and the space between the two walls 

were insulated by glass wool. The internal and external dimensions of 

combustion chamber were (high 40 cm length 50cm width 50 cm), (high 

60 cm length70 cm width 70 cm) respectively. 

Drying chamber was formed from steel metal same the previous chamber. 

In this chamber the agricultural product were dried by heat which comes 

through copper pipes. Before heat reaches the drying chamber, it passes to 

the filter to pure it. Drying chamber and combustion chamber was 

connected by the filters. The chamber has two drying racks, the racks 

placed between top and bottom pipes to receive the heat from copper 

pipes which have 10 m length and 3/4 inch diameter. Heating breaks were 

set up in combustion chamber to isolate and protect sheets metal from 
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erosion. The internal and external dimensions of drying chamber were 

(45cm high, 100 cm length and 40 cm width) and (65 cm high, 120cm 

length and 60 cm width) respectively. 

 

Figure (1) Main parts of biomass oven (A) Combustion chamber,(B) 

Drying chamber, (C) Linking chamber 

Linking chamber in (B.O) was located between combustion and drying 

chambers. In this chamber contain the filters that reduce the Co2 ratio as 

well as valves that control the flow at hot air inside the heating pipes. The 

internal and external dimensions of linking chamber were (30cm high, 45 

cm length and 30 cm width) and (50 cm high, 30cm length and 50 cm 

width) respectively. 
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Steel metal sheets and plated tin were used to fabricate the internal and 

external body at (B.O) all sides were set up to shape the oven.  

The insulation (glass wall 10 cm thick) was used between internal and 

external oven bodies to prevent heat leakage from the (B.O) body. 

Thermal conductivity coefficient (K) is 0.04 w/m.k 

Air blower was fixed on combustion chamber to increase oxygen in hot 

air tunnel which fixed on a combustion chamber door to distance air 

blower from hot air flow rate .The biomass oven positioned a suitable 

steel chassis.  

Two chemical materials were used in filters to purify the hot air coming 

from combustion chamber to drying chamber. 

The first material was iron oxide which decreased Co; it is chemical 

formula F    , whose trade name is hematite. Its iron ratio is 70%, its 

atomic weight is (100 gm), and its purity is 96%.This chemical material 

was taken from Chinese International Trading Company, (Alexandria, 

Egypt, in year 2014).The second material is Hydro oxide calcium (H.O.C) 

which decreased Co2, it is chemical formula Ca     , whose trade name 

was Hydrated lime and the atomic weight is (54 gm). Sultan Company 

Alexandria, Egypt, in year 2015). 

Evaluate Biomass oven performance 

Corncobs (working material) were used to produce heating in biomass 

oven, corncobs (237.24 kg/m
3
) have high quality more than another 

agricultural waste, this is due to the Carbon Dioxide emission exiting 

from corncobs which is less than emission exiting from the other 

agricultural waste (Co2= 0.9313 Kg Co2 / kg corncobs). The vapor (H2O) 

is higher than another agricultural waste. The chemical reaction chance 

inside filters is more than other agricultural wastes when vapor (H2O) is 

highly. (H2O= 0.9791 Kg water / kg corncobs). the protein ratio in 

corncobs is less than the other agricultural waste. So it is not used in 

animals feeding. The maximum and minimum heating values are16.58 

and 14.17 MJ/kg respectively (EL-Zahbe, 1997). 

The experiments were without load with another meaning, biomass oven 

was worked without drying agricultural products, which the best 

parameters were chosen to actuate biomass oven to dry agricultural 

products with agricultural wastes. Experiments without load are very 
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important to select the best combustion rate from four rates were selected 

as shown in table (3.2), which achieve the highest temperature and the 

lowest carbon dioxide concentration. The combustion rate is also 

important in the combustion chamber design, which has been developed 

according to agricultural waste (corncobs) according to (Jenkins et al., 

1998). After choosing the best rate of the combustion, velocity 

experiments were done to choose the best velocity from three velocities 

(1.4 - 2 and 2.5) m/s. The best velocity is that materialization of the 

highest temperature (
0
C) and less relative humidity (%) in drying chamber. 

This velocities were selected according to EL-Mesery and Mao, 

(2016).After choosing the best combustion rate and the best velocity, 

(B.O) was actuated with chemical experiments to choose the best method 

(without chemical materials and with them) without load experiments and 

trough them to know the effects of the chemical materials on the air 

quality in drying chamber. 

Table (3.2) corncobs weight at different combustion chamber 

volumes ratios: 

RESULTS AND DISCUSSIONS 

Evaluation of biomass oven without load:- 

To choose the best conditions which are used with biomass oven and are 

as follow air temperature, combustion time and with Co2 concentration.  

Combustion chamber air temperature 

Figure (4) shows the relationships between the temperature in combustion 

chamber and the combustion time for the different amount of corncobs as 

a volumetric ratio related the combustion volume (12.5, 25, 50 and 60%).  

From this figure we can illustrated that the temperatures were increased 

by increased in the corncobs amount and the average values were (162, 

199, 408 and 503 C°) for (12.5, 25, 50 and 60%) respectively. And the 

maximum values occurred at 30 minutes from burning start and then 

Volumetric ratio related to Corncobs weights 

60% 9 kg 

50% 7.5 kg 

25% 3.75kg 

12.5% 1.75kg 
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decreased gradually to (140, 155, 250 and 250 
0
C) for (12.5, 25, 50 and 

60%) respectively. 

Time of combustion  

Figure (5) shows the relationship between combustion time and the 

corncobs amount as volumetric ratio related to combustion volume. We 

can obtain that this time was increased by amount increased and it are 

values (90, 120, 210 and 240 minutes) for (12.5, 25, 50 and 60%) 

respectively  

 

 

Figure (5) Combustion time for volumetric ratios from volume of 

combustion chamber 
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Figure (4) Combustion chamber temperature related to combustion time. 
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Select the air velocity.   

Choosing the best air velocity, are the highest temperature and the little 

relative humidity. From figure (6) and (7) the best velocity is 2.5 m/s 

because the temperature inside the drying chamber is higher than the 

other velocities.The least relative humidity and the least combustion time 

in drying chamber are (46.5 C°, 21 % and 120 minute) respectively 

compared with the other two experiments. In experiment (2), the velocity 

of combustion is 2 m/s the temperature is low and the relative humidity is 

high in more time in drying chamber are (42C°-29% and 150 minute) 

respectively. In the experiment (3) the velocity of combustion is 1.4 m/s, 

the temperature is lower and the relative humidity is higher in more time 

in the drying chamber are (39 °C-31.5%-180minute) respectively. 

Figure (6) Drying chamber temperatures were at three different velocities 

Figure (7) Drying chamber relative humidity at three different velocities 
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Air characteristics of drying chamber without load at used air velocity 

(2.5 m/s).   

Air characteristics in drying chamber are very important because they 

have high affect on drying products in biomass oven. These 

characteristics in drying chamber are air temperature, air relative 

humidity and Co2 concentration. 

Air temperature of drying chamber:- 

Figure (8) present the relationship between air temperatures (
o
C) and 

combustion time (minute) when used the different amount of corncobs as 

volumetric ratios related to combustion chamber volume. From this figure 

we can obtained that by increase the volumetric ratio lead to an increase 

in combustion chamber temperatures and it increased by combustion time 

increase. 

Figure (8) Drying chamber temperature related to combustion time with 

different combustion rate. 
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temperature was increased to 34 
o
C and at the end of 210 minutes the 

temperature was increased to 50 C
o
 compared with the ambient air 

temperature which is 31 C
o
. 

When use the volumetric ratio (60%), after 45 minutes the temperature 

was increased to 35 
o
C and at the end of 240 minutes the temperature was 

increased to 53 
o
C compared with the ambient air temperature which is 30 

C
o
. 

Finally from figure (9), the highest temperature occurred at used 60 % 

volumetric ratio was increased by 7.5 %, 12.26 % and 30.18 % than using 

the volumetric ratios 50%, 25% and12.5%. 

Figure (9): The temperature of the beginning and end of the experiments. 

Air relative humidity of drying chamber:-  
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relative humidity was decreased to 21 % compared with relative humidity 

of ambient air which is 50 %.When use the volumetric ratio (50%), after 

45 minutes the relative humidity was decreased to 34 %. And at the end 

of 210 minutes the relative humidity was decreased to 20 % compared 

with relative humidity of ambient air which is 54 %.When use the 

volumetric ratio (60%), after 45 minutes the relative humidity was 

decreased to 39.7 %. And at the end of 240 minutes the relative humidity 

was decreased to 17 % compared with the ambient air temperature which 

is 53 %. Finally from figure (11), the lowest relative humidity occurred at 

used 60 % volumetric ratio was decreased by -17.64 %, -23.52 % and -

105.88 % than using the volumetric ratios 50%, 25% and12.5% 

Figure (10) Drying chamber relative humidity related to combustion time 

with different combustion rate. 

 

 

 

 

 

 

 

 
 

Figure (11): The relative humidity of the beginning and end of the experiments. 
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Co2 concentration of the air inside drying chamber:- 

Concentration of Co2 and combustion time when use the volumetric ratio 

25%. From figure (12), we can obtain that the filter had a main effect on 

the concentration of Co2.And this concentration decreased when use the 

chemical materials in the filters. The values of Co2 in drying chamber 

without chemical materials in filter was 480 ppm at the end of the 

combustion, and 433 ppm when use the chemical materials in filter. This 

means that the filter decreased the Co2 concentration by 9.79 % at the end 

of combustion. 

After 30 minutes the Co2 concentrations was 950 pmm in drying chamber 

without use chemical materials in filters and when use chemical materials 

in filters was 490 ppm. This means that the filter decreased the Co2 

concentration by 48.5%. 

 

 

 

 

 
 

 

 

 

 

Figure (12) Carbon dioxide CO2 concentration in drying chamber (ppm) 

with and without chemical materials at volumetric ratio 25 % 
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Figure (13) Drying chamber carbon dioxide (CO2) related to combustion 

time with different combustion rates. 
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experiments. But in experiment (1) the volumetric ratio was 12.5%, the 

temperature was very low in the least time and also the minimum of CO2 

concentration in drying chamber. 

Figure (14): The carbon dioxide (CO2) concentration of the beginning 

and end of the experiments. 

In the experiment (3) the volumetric ratio was 50%, the temperature and 

CO2 concentration were high in a longer time in the drying chamber. In 

the experiment (4) the volumetric ratio was 60%, temperature and CO2 

concentration were higher in a longer time but that was not the best 
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Han chienlin, (2008) in CO2 concentration relation with combustion 

time. 

CONCLUSION 

Biomass oven is friendly environmental as emission from carbon dioxide 

and carbon monoxide were reduced by chemical materials, The study 
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waste. The Biomass oven can be used to dry agricultural products when 

using a 25% from combustion chamber volume, where it is given the 

highest temperature increase. 
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 الولخص العربي

 تصنيع وتقين اداء فرى البيىهاس

 ،تىفيق طهد/ أحوذ ( 2) ، جوال رشاد جاهع(أ.د/ 1) 

 ( م/هصطفً اصواعيل العرب4ً) و     هجذي احوذ بيىهً/ د (3)

 يعًم فشٌ ميىحصُيع وح انذساست وإسخهذفجمسى انهُذست انضساعيت ب أجشيج هزِ انذساست

يشخًم عهً حجشحيٍ حجشة  انزي انفشٌ نهزا افضم اداء حشغيمانىصىل إنً  بهذف بنبيىيبطب

نحشق انًخهف )لىانح انزسة( وغشفت اخشي حسخخذو نخجفيف انًُخج انضساعً )انبصم( ببلاضبفت 

نميبط انحشاسة وانشطىبيت ببجهضة  : ليبط افضم اداء حشغيهًوحى  .انً غشفت بيُيت نفهخش انهىاء

 Co2 Monitor حشكيض ربًَ اكسيذ انكشبىٌ فً غشفت انخجفيفو Thermo hygrometer وهى

اسبع يعذلاث حشق وأجشيج انذساست عُذ . Anemometer وسشعت انهىاء انذاخم نغشفت انحشق

ورلاد سشعبث دفع هىاء  %(5,52،25،55،65يُسىبت نحجى حجشة انحشق )يٍ لىانح انزسة 

يىيبط وبعذ اخخيبس افضم اداء نخشغيم حى حشغيم فشٌ انبو/د( 5,2، 2، 6,5) نحجشة انحشق وهى

عهً حشكيض ربًَ  انكيًبئيت نًعشفت حبريش انًىادش وبذوٌ يىاد كيًبويت بًىاد كيًبويت داخم انفلاح

 اكسيذ انكشبىٌ فً حجشة انخجفيف.

 إنً انُخبئج الآحيت:وحىصهج انذساست 

% حيبذ 25كبَج افضم َسبت نكًيت انمىانح يُسىبت انً حجى حجشة انحشق هً انُسببت  -5

دسجت  5445حعطً اعهً صيبدة فً دسجت حشاسة انهىاء انذاخم انً غشفت انخجفيف وهً 

 495دليمبت وببلبم َسببت نزببًَ اكسبيذ انكشببىٌ وانخبً كبَبج  525يئىيت ورنك فً ولبج 

 جضء نكم يهيىٌ.

و/د حيببذ اَهببب اعطببج اعهببً صيبببدة فببً دسجببت  5,2كبَببج افضببم سببشعت نخببذفك انهببىاء  -2

 حشاسة انهىاء انًبس فً غشفت انخجفيف.

ادي اسخخذاو انًىاد انكيًبويت فً فهخبش انهبىاء انبً حمهيبم َسببت رببًَ اكسبيذ انكشببىٌ فبً  -3

 955دليمببت يببٍ  35هببىاء انخجفيببف حيببذ اَخفضببج َسبببت ربببًَ اكسببيذ انكشبببىٌ بعببذ 

دليمبت فبً َهبيبت انحبشق اَخفضبج َسببت رببًَ اكسبيذ  525جضء فً يهيىٌ وبعذ 495نًا

 جضء فً يهيىٌ. 435انً  485انكشبىٌ يٍ 
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