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ABSTRACT  

The gasification of maize cobs and its characterization for  its energy potential was carried out. The proximate 

analysis of the maize cob gave 17.5% moisture content, 1.5% ash content, 73.0% volatile matter, and 8.0% fixed 

carbon content. A high calculated calorific value of 14.71 MJ/kg was gotten. The exit gas from pyrolysis at 

5500C consists of CO, CO2, H2, H2O, CH4, N2, and C2H6 with percentage composition 7.3%, 11.49%, 0.52%, 

4.7%, 4.18%, 3.66%, and, 7.83% respectively. At 700 ⁰C, the compositions were found to be 8.4%, 13.2%, 

0.6%, 5.4%, 4.8%, 4.2%, and 9.0% respectively while 9.49%, 14.91%, 0.68%, 6.1%, 5.42%, 4.74% and 10.17% 

respectively was obtained   for pyrolysis 850⁰C. The gasification process revealed that as the temperature was 

increased more of the biomass was converted to gas leading to less char generation. The result also showed 

increase in hydrogen, methane, carbon monoxide as well as less desirable carbon dioxide with increase in 

pyrolysis temperature. The elemental analysis for percentage of carbon, hydrogen, oxygen, nitrogen and sulfur 

emitted during gasification at 700 ⁰C for 15 minutes revealed C-78.43%, H-0.64%, O-19.98%, N-0.66%, and 

S-0.29%. The low amount of sulfur and nitrogen emitted concludes that maize cob can be tapped as a source 

for energy application. Optimization can be carried out to determine the optimal temperature for high calorific 

value gas yield.  
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1.0 INTRODUCTION  

Despite the advent of renewable energy, a huge 

amount of man’s activities that provide global 

energy are  heavily dependent on fossil fuels, to the 

degree of 85%. Due to  the  increase in population, 

urbanization, and economic growth, the demand for 

fuel is likely to increase by 50% in 2025 (1). The 

combustion of fossil fuels has led to an ever 

deterioration of climate due to the increase in 

greenhouse gases (GHG) which causes global 

warming and climate change (2). Thus, there is a 

fast-growing emphasis on energy transition and the 

adoption of renewable energy from biowaste 

resources which has the prospect of making waste 

management more efficient and also increasing 

energy resources in a country like Nigeria (3). 

Therefore, the transition from fossils to other 

energy sources is increasing renewable energy 

uptake across the globe. This transition also 

involves the conversion of waste materials into 

renewable energy.  

 The development of alternative recycling facilities, 

composting, and waste-to-energy in recent years 

has changed the final destination of these wastes, 

which is our main concern. Despite this, a sizable 

portion of the waste produced is still dumped in 

landfills, where it builds up and negatively impacts 

the ecosystem. Countries that adopt this policy aim 

to lessen the environmental issues connected to 

landfills, such as soil pollution and usage (4), 

leachate contamination of groundwater resources, 

greenhouse gas emissions from landfill gases, and 

so on.  The production of biomaterials; such as the 

fractionation of lignocellulosic biomass from 

forestry and agricultural activities, as well as 

incineration, anaerobic digestion, pyrolysis, and 

thermal gasification using wastes as feedstock, have 

all been explored as alternatives to valorize the 

wastes produced (5-7).  

Nigeria has a large quantity of biomass waste 

generated each year. The effect  this waste has on 

humans and the environment poses a serious threat 
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(8). Biomass such as corn cobs is discarded after the 

kernel is removed. These widely available corn 

cobs in Nigeria can be characterized and evaluated 

for potential energy generation (8). Open burning of 

organics has been widely used in most communities 

in Nigeria which contributes to the greenhouse 

effect. (9), Hence the purpose of this study is to tap 

the potential of energy generation of biomasses.   

Thermal gasification has been employed among all 

the methods used in WtE facilities to valorize solid 

wastes, generating heat and syngas. Carbon 

monoxide (CO), hydrogen (H2), nitrogen (N2), 

carbon dioxide (CO2), and light hydrocarbons (such 

as CH4, C2H4, and C2H6) are the major components 

of syngas, a gaseous product that can be used as 

fuel.  

Gasification has utilized a variety of raw materials 

over the years, including coal and biomass, which 

are generally feedstocks with a homogeneous 

composition. Due to their heterogeneous 

composition, using valorizing wastes, especially 

industrial wastes, in gasification might be difficult 

(10). This is why in this study, we have focused on 

biomass (maize cobs) with the aim of pyrolyzing 

and characterizing them, for energy generation.  

This research aims to evaluate the potential of the 

biomass (maize cobs) for energy conversion; this 

will be achieved by determining the proximate 

analysis, ultimate analysis and the calorific value of 

the maize cob.  

2.0 MATERIALS AND METHODS  

2.1 Materials  

Miller (Thomas Wiley Mill-Model ED5), 2mm 

stainless steel sieve, Triple beam weigh balance, 

Gallenkamp oven and furnace, desiccator, crucible, 

spatula, and corn hub. All analyses were conducted 

at the National Cereals Research Institute (NCRI) 

in Badeggi, Niger State.  

2.2 Methods  

2.2.1 Pretreatment and Gasification of Maize 

Cob  

The corn cob used as biomass was obtained from 

Gidan Kwanu in Minna, Niger State. Initial size 

reduction was carried out on the corn cobs using a 

mortar and pestle.  After preliminary size reduction, 

the corn cob was fed into the miller where it was 

ground and sieved to a mesh size of 2mm. 2 grams 

of ground maize cobs were loaded into the furnace. 

Before pyrolysis, the reactor was purged with inert 

nitrogen gas to remove any residual air and create 

an oxygen-free environment.  

The temperature of the furnace was raised gradually 

at a rate of 200C/min from ambient temperature. 

The maize cob samples were subjected to pyrolysis 

using ASTM standard method. Evolved gasses 

(syngas and volatiles) were analyzed for 

characterization.   

2.2.2 Proximate Analysis  

This analysis involved the determination of 

moisture content, fixed carbon, volatile matter and 

Ash content.  

2.2.2.1 Moisture Content   

The moisture content of a biomass is the quantity of 

water per unit mass of a dry biomass. It was done 

experimentally using the ASTM method of 

determining the moisture content of the biomass 

(8). The experiment was carried out by weighing an 

empty crucible, after which 2g of corn cob was 

added and distributed evenly by tapping the 

crucible lightly. The crucible containing the corn 

cobs was then placed in an oven at a temperature (of 

105 ⁰C) for one hour. On cooling, the crucible was 

weighed, together with the sample. The percentage 

moisture content was  calculated:  

𝑀oisture 𝑐ontent (%) = 100
(𝑩−𝑪)−(𝑪−𝑨)

(𝑩−𝑨)
  

   . .  .  .  .  .  .  (1)  

Where: A = weight of crucible (g), B = weight 

crucible + wet sample (g), C = weight of crucible + 

dry sample (g).  

 2.2.2.2 Ash Content Analysis   

Ash content indicates the amount of inorganic 

matter or components left in the corn cob biomass 

after combustion. The determination of ash content 

in the corn cob was carried out using ASTM 

standard procedure by adding 2 g of corn cob after 

which the crucible was reweighed again with the 

sample in it. The crucible was placed in a furnace 

and allowed to heat at a temperature of 550⁰C with 

the sample in it, for one hour. This was to allow the 

combustible material not to burn completely. At 

room temperature, the crucible containing the 

sample was removed and reweighed.  

The percentage was calculated according to the 

following equation:  
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𝐴sℎ 𝑐ontent (%) = 100
𝐴−𝐵

𝐶
  .  .  .  .  .  (2)  

Where:  

A = weight of crucible with sample (g) B = weight 

of crucible with ash (g)  

C = weight of sample (g)  

2.2.2.3 Volatile Matter Content Analysis   

The essence of volatile analysis is to give a measure 

of the gasses that were emitted during the thermal 

decomposition of the biomass in an inert 

environment. The crucible was weighed and 2 g of 

corn cob was added, then the new weight of the 

crucible was measured. The corn cob was spread 

evenly in the crucible, which was then covered and 

placed in a furnace that was preheated already to a 

temperature of 950 ⁰C for about seven minutes (11). 

The crucible was removed and cooled in a 

desiccator, then reweighed. The percentage volatile 

can also be calculated using the equation (12).  

%VM= [(init𝑎𝑙 𝑤eigℎt − fin𝑎𝑙 𝑤eigℎt)] × 100  

2.2.2.4 Fixed Carbon  

The fixed carbon of the biomass was computed 

using the relationship below (Jigisha et al, 2006):  

FC=100 - %ASH - %VM - %MC.  

     .  .  .  .  .  .  .  (3)  

Where  

FC=fixed carbon; %Ash=% ash content 

and %VM=% volatile matter;  %  MC= percentage  

moisture content. 

  

 2.3 Ultimate Analysis  

The ultimate analysis was carried out to know the 

elemental composition of the biomass. These 

elements present in biomass include carbon (C), 

hydrogen (H), oxygen (O), nitrogen (N) and sulfur 

(S). The elemental analysis of the maize cob was 

carried out using the ASTM standard procedure. 

The Carbon and hydrogen percentage was 

determined using the ASTM E777 procedure while 

the Nitrogen and Sulfur was determined using 

ASTM E778 and 775 respectively. 

The Oxygen composition was obtained from the 

percentage difference of other elements using the 

equation below [19].  

Oxygen composition = 100 – (%S +%N + %H 

+ %O)  .  .  .  .  .  (4)  

2.3.1 Heating (Calorific) Value  

The net calorific value was determined by using the 

relationship below:  

𝐶𝑉 = 18.7 (1.0 − 𝐴𝐶 − 𝑀𝐶) − (2.5𝑀𝐶)  

  .  .  .  .  .  .  .  (5)  

Where: CV= lower calorific value; MC = moisture 

content; AC= ash content  

  

3.0 RESULTS AND DISCUSSION  

3.1 Proximate Analysis of Maize Cob Biomass  

Table 3.1: The Proximate Analysis (%) and Calorific Values (MJ/Kg) of Maize Cobs  

EXPERIMENTAL VALUES (%) 

ANALYSIS MAIZE COBS 

Moisture Content   17.5  

Ash Content   1.5  

Volatile Content   73.0  

Fixed Carbon   8.0  

Calorific Value   14.7  

    

3.2 Ultimate Analysis of Biomass  
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Table 3.2: The Composition of Different Samples after Complete Combustion   

SAMPLES CARBON NITROGEN HYDROGEN   SULFUR OXYGEN 

Maize cobs   78.43 0.64   19.98   0.66   0.29 

 

 3.3 Analysis of Exit Gas of Maize Cobs  

Table 3.3: The percentage composition of compounds in the gas stream at 550oC  

COMPOUND   %VALUE  

CO 7.33  

CO2 11.49 

H2 0.52 

H2O 4.70 

CH4 4.18 

N2 3.66 

C2H6 7.83 

  

  

3.4 DISCUSSION OF RESULTS  

The moisture content was calculated to be 17.5%. 

This is not high, since standards revealed that the 

suitable moisture content for biomass for biofuels 

should be less than 20%. The result is higher than 

those obtained by Ayodele (13), and those reported 

by Maj et al. (14). The difference in these values 

could be due to many reasons; including the source 

of Maize Cob and processing conditions. A higher 

moisture content is not desirable due to corrosion 

concerns. Ash content was determined to be 1.5 %, 

which is relatively low. The ash content of Maize 

Cob describes the inorganic matter that is left after 

the complete combustion of the biomass. This ash 

contains several elements which may not 

completely undergo combustion.   

Maize Cob was also characterized by a volatile 

matter content of 73%, which was anticipated 

because of the organic nature of the material. 

Volatile matter contents in biomass are usually high 

because it indicates its potential to create huge 

amounts of inorganic vapours when used as 

feedstock in a gasification process. The higher the 

volatile matter content, the better its combustion 

and gasification rates because of the biomass yield 

upon  carbonization (14). The fixed carbon content 

was determined to be 8.0 % which represents the 

percentage of carbon available for char combustion. 

This low fixed carbon-releasing content causes the 

biomass to have a prolonged heating time. The solid 

combustible residue that had its volatiles given off 

was observed to be low due to its low fixed carbon. 

The calorific value obtained was 14.7 MJ/Kg which 

is slightly less than most values obtained from 

literature. Those obtained by Maj et al. (14)  fell 

between 9.69MJ/Kg to 14.94 MJ/Kg. Our result 

obtained was also less than those obtained for agro-

biomass obtained by Kang et al. (15).  

Table 3.2 presents the results obtained from the 

ultimate analysis of maize cob. This analysis is very 

important because the chemical characteristics of 

Maize Cobs can also influence the biomass fuel and 

the operating conditions of the gasifier. The 

percentage compositions were observed to be 

78.4% carbon, 19.98% hydrogen, 0.66% sulfur, 

0.64% nitrogen and 0.29% oxygen. The carbon 

content was observed to be very high due to the 

cellulosic nature of the maize cobs. Biomass 

material contains hydrogen in the form of water, 

and the low hydrogen content was a result of the 

biomass being dried and stored well before use. The 

hydrogen content was also low due to the 

hydrocarbons emitted during combustion. The low 

oxygen content is due to the presence of oxygen in 

the form of moisture in the biomass; however, the 

biomass was combusted in the absence of oxygen 

and oxygen is contained in the water molecules of 

the biomass alone. Maize cob was observed to 

contain low sulfur and nitrogen percentage from the 

result of analysis carried out which is an advantage 

for the biomass. These elements are potential 

pollutants and have the tendency to contaminate the 

environment and are hazardous to living things in 

the environment when combusted. This low sulfur 

and nitrogen is an advantage that maize cob could 



 

124 

 

be blended with other potential solid fuels to reduce 

the sulfur content of those fuels (13).  

  According to Table 3.3, our major concerns were 

in  the amount of CO and CO2 released by the 

biomass. CO and CO2 values of 7.33% and 11.49% 

were observed respectively. High composition of 

CO and CO2 can cause harm to the environment 

during combustion; thus, it is important to seek a 

suitable technology that would optimize this 

process. These potential pollutants can be reduced 

by blending maize cob with other fuels like coal 

with a lower percentage of carbon dioxide and 

nitrogen emissions.    

 

Figure 1: Chart for the percentage composition of compounds   

 

4.0 CONCLUSION  

From the above results and discussions, we can thus 

infer that the use of more optimized technologies 

for gasification can yield accurate results which will 

be useful for application in energy generation. The 

pyrolysis of maize cob has a great tendency to 

greatly improve the heating value for effective 

utilization of their biomass in energy conversions. 

The exit gas from the furnace was characterized by 

the compositions present in the stream. This is 

because most of the biomass is volatilized and 

produces gasses which are essential in power 

generation. Hence, this biomass can be used as a 

source of fuel and power generation.  
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