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Abstract: Nigeria is purely an agrarian nation and the people depend on Agriculture for their survival. 
Agricultural waste has been proposed as an alternative energy resources to meet fossil fuel crisis. One of 
the missing links to wealth creation in Nigeria is lack of economic exploitation of abundant Agricultural 
wastes. Feed stocks such as rice husk, sawdust and bagasse are biomass waste readily available which are 
not often used as animal feed due their high Silica contain causing irritation in the stomach and hence has 
become a serious threat to the environment when burnt or left rot in farms and along road sites. The 
sustainable use of these agro-waste for bioenergy applications such as electricity generation at low cost 
and mitigate greenhouse gas emissions is imperative. The study was aimed to evaluate the Performance of 
downdraft gasifier using such agro-waste as feed stocks for production of heat and power generation. The 
experimental factors considered in this studies were feed stock and sieve size each at three level, which 
were namely; (Rice husk, Sawdust, and Bagasse); while the particle sizes considered were namely (0.6mm, 
1.86 mm and 2.36 mm) respectively, the treatments were laid out in a complete randomized design (CBD) 
with two replications. The collected data were subjected to the analysis of variance (ANOVA) and the 
results of the investigation revealed that, Sawdust at all sieve size had a significantly influenced and gave 
maximum temperature values of 104 oC, 467 oC and 1194 oC during the gasification processes, it was 
slightly followed by bagasse exhibited closer than rice husk experimented. Similarly, as affected by sieve 
size, sawdust at 2.36 mm produced the highest temperature during the gasification process than all other 
feed stocks experimented. Similarly, the analysis variance discovered strong significance among all the 
three agro-waste experimented during the gasification test. Therefore, the findings certified that, a 
community could produce syngas energy using sawdust to meet their electricity demand in most 
economical way, thereby reducing emission, waste and saving cost which translates to sustainable 
development. 
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1.0 Introduction 
Biomass represents one of the largest sustainable energy resources in the world and has 
been perceived as an attractive source of power and fuels. Biomass is defined by the 
United Nation Framework of climate change as a non-fossilized and biodegradable 
organic material originating from plants, animals and micro-organisms which includes 
products, by products, residues and waste from agriculture, forestry and related industries 
(Abubakar et al., 2019). However, the bulky nature and improper disposal methods of 
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biomass are major barriers to its wide applications (Ramarao and Vevekanandan, 2016), 
and these provide a motivation for the conversion of solid biomass into fuels via the two 
major paths: biological and thermo-chemical conversions. Rice husk is a by-product of 
the rice milling process. Global production of this biowaste is approximately 150 million 
tons per annum to be specific. Nigeria alone produces around 4.3 million tons of rice 
paddy per year, generating around 1.1 million tons of rice husk per year. (Altine et al., 
2017). This agricultural waste has a high percentage of amorphous silica which severely 
limits its use as an animal feeds (UNDP, 2009). Rice husks, which are not easily 
biodegradable, can be gasified to produce a combustible gas. Gasification is one of the 
thermo-chemical conversions process that offers the possibility to convert various 
feedstock to a wide variety of products (Wamalwa et al., 2017 and Katsaros et al., 2018). 
Although gasification technologies have been developed for over a century, their 
commercial successes on a large scale are still limited. The economic and technological 
successes of a biomass gasification plant depend on the trouble-free operation of all 
system components over long periods of time. Gasification converts solid fuel into gas 
which contains mainly hydrogen, carbon monoxide, carbon dioxide, methane and 
nitrogen (H2, CO, CO2, H2O, CH4 and N2) (Doherty et al., 2013 and Katsaros et al., 
2018). The product gas from the reactor also contains some contaminants like char 
particle, ash and some higher hydrocarbons or tar. These gases, particles and 
contaminants need to be cleaned by removing impurities through catalytic conversions 
and reactions within or outside the gasifier. The cleaned gases could be utilized fully and 
sustain continuous electricity generation. To achieve clean gas production and electricity 
generation, a near perfect gasification process or optimized gasification needs to be 
obtained. Gasification is divided into: Updraft, Downdraft, Fluidized Bed and Cross draft. 
While downdraft gasification offers the advantages of proven, simple, low cost process 
and the ability to consume up to 99.9 percent of the tar formed thereby requiring minimal 
or no tar clean-up. Therefore, there is need for the current study to evaluate the 
performance of the gasifier using three agro-waste and sieve size for syngas energy 
production in this region  
 
 
1.2 An- overview 
The history of gasification dates back to the seventeenth century. Since the conception of 
the idea, gasification has passed through several phases of development. During the 
1840s, the first commercially used gasifier, which was an updraft style, was built and 
installed in France. Gasifiers were then developed for different fuels, industrial power 
and heat applications (Quaak et al., 1999). The 1970s brought a renewed interest in the 
technology for power generation at small scales due to oil crisis (Stassen and Knoef, 
1993). Since then, fuels other than wood and charcoal have been applied as feedstock 
materials. As a century old technology, gasification flourished quite well before and 
during World War II. Gasifiers were largely used to power vehicles during that period. 
Many of the gasoline and diesel driven vehicles during the war were converted to 
producer gas driven. Today, because of increased fuel prices and environmental concerns, 
there is a renewed interest in gasification. The use of downdraft gasifiers fuelled with 
wood or charcoal to power cars, lorries, buses, trains, boats and ships have already 
proved their worth (Turare,2002). Gasification has become a more modern and quite 
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sophisticated technology. Most of the development work was carried out with common 
fuels such as coal, charcoal and wood. The key to a successful design of gasifier is to 
understand the properties and thermal behavior of the fuel fed into the gasifier system. It 
was recognized that fuel properties such as Surface area, size, shape as well as moisture 
content, volatile matter and carbon content affect gasification performance (McKendry, 
2002). Abubakar et al., (2018a) tested and evaluated the performance of a forward curved 
blower for thermal applications. They determined the performance characteristics of the 
blower. A peak temperature of 891oC was recorded at 3111 rpm and an air velocity of 
23.8 m/s. Major characteristics of the blower such as the power output were found to be 
0.56 kW while the mechanical efficiency was varying between 55% and 62% 
respectively. Abubakar et al., (2018b) designed and developed a forward curved Blower 
for Downdraft Gasifier Reactor. The geometric parameters, operating conditions and the 
performance characteristics were determined. It was found that the blower can 
sufficiently supply air for a gasifier operation even at high temperature. It is against this 
background that this study was conceptualized to develop a gasifier that will effectively 
utilize rice husk for the production of combustible gas for electricity generation. 
Gasification was discovered independently in both England and France in 1798, and 
through 1850 technology had been developed to the point that it was possible to light 
much of London with manufactured gas or “down gas” from coal and manufactured gas 
soon crossed the Atlantic to the United State and through 1920, most American cities and 
downs supplied gas to the residents for lighting and cooking through the local “gas 
works” (Doherty et al, 2008). A generally accepted definition of biomass are defined by 
the United Nation Framework climate change which emphasized that biomass is an non 
fossilized and biodegradable organic material originating from plants, animals and micro-
organisms that also includes products, by products, residues and waste from agriculture, 
forestry and related industries (Diana, 2012).  Biomass simply refers to organic materials 
originated from plants (wood, crops etc.) and animal wastes. Different biomass 
conversion processes produce heat, electricity and fuels. Among all biomass conversion 
processes, gasification is one of the most promising (Mavukwana, et al, 2013). Cellulose, 
hemicelluloses, lignin and extraeskes are found to be the main compkonents of biomas. 
Cellulose and hemicelluloses are formed by long chains of carbohydrates (such as 
glucose, whereas lignin is a polymeric lignin has a close relationship with hemicelluloses 
as it exist as a glue fixing the bunches of cellulose chains and plant tissues together. This 
is gives mechanical strength to the plant. Lignin is rich in carbon and hydrogen, which 
are the main heart producing element. Hence lignin has a higher heating value than 
carbohydrates (Diyoko, et al., 2012).  
1.3 Gasification Process  
Biomass gasification is the conversion of an organically derived, carbonaceous feedback 
by partial oxidation into a gaseous product, synthesis gas or “syngas”, consisting primary 
of hydrogen (H2) and carbon monoxide (Co), with lesser amount of carbon dioxide 
(Co2), water (H20) methane (CH4), higher hydrocarbons (C2+), and nitrogen (N2) (Diana, 
2012).                                                                                                                                                                      
1.4 Drying  
In this stage, the moisture content of the biomass is reduced and occurs at about 100 – 
2000C with a reduction in the moisture content of biomass of less than 5% (Jamilu, 2016) 
Resulting water vapour together with water vapour formed at combustion zone partly 
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lead to production of hydrogen and remaining is going with producer gas (Ramzan, et al, 
2011).  
1.5 Pyrolysis (Devolatilization) 
Pyrolysis is the use of heat (Pyro) so break down carbon based materials (lysis) without 
oxygen (Jamilu, 2016). Devolatilization occurs at temperatures up to about 7000C and 
release light permanent gases (such as H2, CO, CO2, CH4, H2O, HN3), for which is the 
condensable hydrocarbon vapours and the remaining devolatilized solid waste residue 
known as char (Arena, 2012).  
 
2.0 MATERIAL AND METHODS 
2.1 Site Description 

The study was carried out in the Entrepreneur Centre of the University of Maiduguri, the 
capital of Borno State. It lies between latitudes 11o 45`N and 11o 51`N, Longitudes 13o 
2`E and 13o 9`E and 345m above mean sea level with a mean annual rainfall of about 
625mm and annual temperature of 28-32oC Abubakar et al (2022).  

    

 

Figure 3.1 Maiduguri Road Map Showing the Study Area (Abubakar., et al 2021) 

2.3 Treatment and Experimental Design 
The experimental factors considered in this studies were feed stocks and sieve sizes each 
at three level, were namely; (bagasse, rice husk and sawdust); while the sieve sizes 
considered were namely (0.6mm, 1.18 mm and 2.36 mm) respectively. The treatments 
were laid out in a complete randomized design (CBD) with two replications. 
  
2.4 Feed Sock Preparation 
The feed stocks were collected from mills within in Maiduguri, Borno State. The 
performance evaluation of the adopted gasifier was carried out at the center of 
entrepreneurship development university of Maiduguri. Initially the stocks were sorted, 
cleaned and sun dried, followed by sieving to the required sizes using a sieve obtained 
from the Civil Engineering Department of Ramat Polytechnic. The feed stocks were 
sieved into different particle sizes such as 1.18mm, 2.36mm, 3.35mm and 4.75mm 
respectively.  The moisture content of the feed stocks was conditioned to 10%, 15% and 
20% and considered the dried portion as control (0%)  
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2.5 Properties of Agro-waste 
Agro-waste is a potential material, which is amenable for value addition. The usage of 
any in either its raw form or in ash form is many. Most of the it husk and dust from the 
milling is either burnt or dumped as waste in open fields and a small amount is used as 
fuel for boilers, electricity generation, bulking agents for composting of animal manure, 
etc [Bronzeoak, 2003; Asavapisit and Ruengrit, 2005]. The exterior of feed stocks is 
composed of dentate rectangular elements, which themselves are composed mostly of 
silica coated with a thick cuticle and surface hairs. The mid region and inner epidermis 
contain little silica [Bronzeoak, 2003]. Jauberthie et al., (2000) confirmed that the 
presence of amorphous silica is concentrated at the surfaces of the rice husk and not 
within the husk itself. The chemical composition of rice husk is similar to that of many 
common organic fibers and it contains of cellulose 40-50 percent, lignin 25-30 percent, 
ash 15-20 percent and moisture 8- 15 percent [Hwang and Chandra, 1997]. After burning, 
most evaporable components are slowly lost and the silicates are left. The typical 
properties of rice husk are indicated in Table 2.2. No other plant except paddy husk is 
able to retain such a huge proportion of silica in it. 
 
2.6 Thermal Decomposition of feed stocks 
There are two distinct stages in the decomposition of feed stocks - carbonization and 
decarbonation. Carbonization is the decomposition of volatile matter in rice husk at 
temperature greater than 300°C and releases combustible gas and tar. Decarbonation is 
the combustion of fixed carbon in the rice husk char at higher temperature in the presence 
of oxygen (Fig. 2.2) [Maeda et al., 2001]. The melting temperature of RHA is estimated 
as 1440°C, that is, the temperature at which silica melts as shown in fig 1 [Bronzeoak, 
2003]. 
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Fig1: Decomposition of feed stocks processes 
3. 0 Results and Discussion 
The results on the performance evaluation of a existing downdraft gasifier using agro-
waste such as rice husk, sawdust and bagasse were analysed using statistical analysis, 
Analysis of Variance one-way ANOVA were presented in the following tables below 
 
 Table 1: Effect of agro-waste feedstock on gasification temperatures for gasifier at 
2.36 mm sieve size  

 
 
 
Table 1 Shows that, different agro-waste used in gasifier had significantly influenced the 
temperature of the gasifier at (p<0.05). Sawdust produced the highest temperature values 
at thermocouple 1, 2, 3 with corresponding temperatures values of 117 oC, 471 oC and 
1109 oC respectively, during the gasification processes. It was closely followed by 
bagasse at all thermocouples with corresponding temperatures values of 111 oC, 452 oC 
and 920 oC respectively. finally, the least temperatures were observed from rice husk as 
reported by Abubakar., et al (2019). For more details, see figure 4.1 and Table 4.2 
 

Treatment                                        Temperature 

Feed stock (kg) Thermocouple 1 
 (oC) 

Thermocouple 2 
 (oC) 

Thermocouple 3 
 (oC) 

Rice husk 87 327 653 

Bagasse 111 452 920 

Sawdust 117 471 1109 
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              Fig2: show the thermocouples of the gasifier at different feedstock at 2.36mm  

 Table 2: Effect of agro-waste feedstock on gasification temperatures for gasifier at 
1.86 mm sieve size 

 

 

As presented in table 2, the variation from feed stocks experimented at 1.86mmsieve size 
had significantly (p <0.05) affected the temperature observed on the gasifier during the 
gasification processes. The maximum temperatures values 104 oC, 467 oC and 1194 oC 
for T1, T2 and T3 was remarkably observed with sawdust, conversely followed by 
bagasse at same sieve size during gasification period, while the least temperature values 
of 102 oC, 433 oC and 910 oC was recorded at rice husk   For more details see figure2. 
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              Fig2: show the thermocouples of the gasifier at different feedstock at 1.86mm  

 

 

Table 3: Effect of agro-waste feedstock on gasification temperatures for gasifier at 

0.6 mm sieve size 

 

Table 3 shows that, sawdust had still produces the uppermost temperatures values of 96 
0C, 456 0C and 7210C during the gasification process as shown in table 3 and figure 3, it 
was still followed by bagasse and the lowest was recorded with rice husk. This could be 
attributed to the climatic condition since the experimentation was carried out in an open 
environment. for details see fig 3  

Rice husk

Bagasse

Sawdust

0

500

1000

1500

 (oC)
 (oC)

 (oC)Thermocouple
1 Thermocouple

2 Thermocouple
3

Fe
ed

 s
to

ck
s Te

m
pt

 0
C 

Thermocouples 

Treatment Temperature 

Feed stock (kg) Thermocouple 1 
 (oC) 

Thermocouple 2 
 (oC) 

Thermocouple 2 
 (oC) 

Rice husk 54 221 621 

Bagasse 92 422 680 

Sawdust 96 452 721 



International Academic Journal of Information, Communication, Technology & Engineering 

          www.accexgate.com | papers@accexgate.com                                                        27|page 
 

            

4.2 Effect Sieve Sizes and feed stocks on thermocouples 1, 2 and 3  

As shown in figure 4, 5 and 6. The plots revealed that at all feed stocks experimented 
2.36 mm sieve size is the uppermost sieve size produce the higher temperature of the 
gasifier during gasification processes. it was then closer by 1.86 mm sieve size at the 
thermocouples observed. While 0.6 mm sieve size exhibited the least thermocouple at all 
feed stock experimented which was similar with those reported in Abubakar., et al 
(2022).     

 

                          

                     Figure 4: Sieve size versus feedstock as affected thermocouple 1 of the gasifier 
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                     Figure 5: Sieve size versus feedstock as affected thermocouple 2 of the gasifier 

                         

                     Figure 6: Sieve size versus feedstock as affected thermocouple 3 of the gasifier 

5.0 Conclusion and Recommendations 

The study was aimed to evaluate the performance of the existing gasifier to identify the 
most effective agro-waste such as bagasse, rice husk and sawdust with different sieve 
sizes on the thermocouples produced from the gasifier. The collected data were subjected 
to the analysis of variance (ANOVA) and the result were as follows:  
(i) Results of this investigation showed that sawdust at all sieve sizes examined had 

significantly influenced gas production temperatures throughout the gasification 
processes.  

(ii)  The sieve size 2.36mm exhibited higher thermocouples than other size such as 
1.86mm 0.6mm  

(iii) Analysis of variance revealed a significance difference among the different agro-
waste experimented during gasification processes 
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5.2 RECOMMENDATION 
(i) In view of the foregoing, it is recommended that, sawdust at 2.36 mm sieve size could 
be used effectively for production of syngas energy in this region, in the event of non- 
availability of reliable energy source.  
(ii) It is recommended that further studies should be carried out on other agricultural 
waste using or adopting this approach with a view to re- validating the outcome of this 
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