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ABSTRACT 

The study looked at assessment of catalytic for pyrolysis on bio-oil upgrading systems. The study 

employed the experimental research design. Findings from figure 1 revealed that SiO2 composition at 

700oC and 800oC has a temperature of 38.93oC and 50.81oC. TiO2 percentage composition at 700oC 

and 800oC has a temperature of 0.22oC and 0.3oC. Al2O3 composition at 700oC and 800oC has a 

temperature of 1.69oC and 4.29oC. Fe2O3 composition at 700oC and 800oC has a temperature of 

12.98oC and 5.65oC. Findings from figure 2 revealed that MnO composition at 700oC and 800oC has a 

temperature of 0.37oC and 0.11oC. MgO percentage composition at 700oC and 800oC has a 

temperature of 9.40oC and 3.48oC. CaO composition at 700oC and 800oC has a temperature of 14.73oC 

and 11.12oC. Na2O composition at 700oC and 800oC has a temperature of 0.79oC and 0.37oC. It was 

recommended that in other to obtain higher yield of bio-oil production, production should be done 

within the range of 700oC and 800oC to obtain a better quality fuel.  
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INTRODUCTION 

The energy resources can be divided into three types: fossil fuels, nuclear resources and renewable 

resources. Among these three, fossil fuels are vastly used in each sector of life. The demand for fossil 

fuels has increased rapidly due to increased industrialization and increased world population 

(Martone, et al, 2009). This increased demand has put added load on the fossil fuel reserves, which are 

limited. It has also affected the environment adversely and increased threat to global climate change 

and health risks. Global warming or global climate change is a major problem of 21st century. It has 

various adverse effects on health and socio-economic issues, for example, increased global 

temperature, increase in average sea level, increased droughts and floods, and effects on the risk of 

calamities and malnourishment. The higher concentration of greenhouse gases such as N2O, CH4, 

CO2, ozone, CFCs and per oxy-acetyl nitrate in the atmosphere is resulting in trapping of heat 

radiated from the surface of the Earth and thus increasing the Earth’s surface temperature (Lignin, 

2014). 

Excessive consumption of fossil fuels has resulted in global warming, because burning of fossil fuels 

generate carbon dioxide as a byproduct. As many scientific studies divulge, in the past 200 years, 

global CO2 levels have increased 31%. From 1800, deforestation added 20 Gt of carbon to the 

atmosphere. Also, concentration of another gas, methane, which causes ozone layer depletion, has 

doubled since 1800. The mean surface temperature has globally increased above baseline of 140C by 

0.4–0.80C in the last century. This increase in global temperature caused the global sea levels to rise 

at an average rate of 1–2mm annually. The thickness of Arctic sea ice has reduced by 42%. Also the 

total ice has decreased by 10–15% since 1950.Thus, it is necessary to look forward to sustainable 

methods of producing alternative fuels. It is also imperative that these alternative fuel options 

contribute less to air pollution and waste (Alonso, Bond and Dumesic, 2010). Thus this issue goes 

hand-in-hand with other major issues such as waste minimization, reduction of greenhouse emission, 

conservation of forests. This has aroused great interest in encouraging research on alternative fuels 

which would be capable enough to meet world’s ever increasing energy requirements. The renewables 

are the primary, domestic and clean or inexhaustible energy resources. These renewable technologies 
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are also known as non-conventional or alternative energy sources. Some of the examples include solar 

energy, tidal energy, geothermal energy and wind energy. As opposed to non-renewable energy 

sources, the renewable sources are clean sources of energy and careful use of such resources reduces 

the hazardous impacts on the environment, produce less wastes and can be sustainable models of 

energy generation based on current socio-economic situations (Dickerson and Soria, 2013). Currently, 

14% of world’s total energy demand is fulfilled by renewable energy sources. Conversion of various 

forms of biomass and bio-degradable waste can produce renewable transportation fuels (Ruddy, et al, 

2014). Renewable energy sources, like biogas, which are mostly used in domestic applications 

definitely have the ability to provide energy with almost no emissions of both air pollutants and 

greenhouse gases, thus truthfully it is clean source of energy. 

Statement of Problem 

The process of achieving excellent fuel quality is paramount for most engine system. The problem 

posed by the conversion process of heavy crude is alarming. The constant cracking process to yield 

petrol with higher density that can make machines to knock over time due to combustion of gas. There 

is the need to produce lighter fuel quality with the aid of catalytic support for better fuel quality. 

Purpose of the study 

The main objective of this work is to: 

3. Determine the percentage composition of SiO2, TiO2, Al2O3 and Fe2O3 at 700oC and 800oC. 

4. Ascertain the percentage composition of MnO, MgO, CaO and NaO at 700oC and 800oC. 

Research Questions 

The following research questions were developed and used as a guide for the study: 

1. What is the percentage composition of SiO2, TiO2, Al2O3 and Fe2O3 at 700oC and 800oC? 

2. What is the percentage composition of MnO, MgO, CaO and NaO at 700oC and 800oC? 

 

Literature Review 

Generation of renewable energy will help to deal with the currently most serious tasks like reliability 

in improving of fuel economy and supply of energy; solving problems related to local water and 

energy supply; improving the living standard and employment level of the local people; guaranteeing 

sustainable development of the distant regions of population; employment of the responsibilities of the 

countries related to satisfying the agreements regarding environmental protection and international 

laws (Mohan, Pittman, and Steele, 2006). 

 Development and implementations of different projects related to renewable energy in rural areas that 

can create job opportunities, which in turn can minimize migration towards urban areas. 

Decentralization of the renewable energy can be one of the choices to meet the small-scale and rural 

energy needs in an affordable, environmentally sustainable and reliable way. The contribution of 

renewable energy sources is likely to increase considerably, about30–80% up-to 2100. 

Biomass energy is the form of energy that is confined inside animals and plants. This can consist of 

organic matter of all kinds: animals, plants, or waste products from different organic sources. These 

natures of energy sources are recognized as bio fuels and typically include wood chips, sewage, 

manure, mulch, rotted trees & its components. In the process of photosynthesis, chlorophyll pigments 

present in leaves of plants absorbs carbon dioxide (CO2) from the atmosphere and water from the 

Earth (Bridgwater, 1994). This similar energy is then passed to animals when they consume them. 

When they are burned, it is considered to be as a renewable source of energy as water and carbon 

dioxide confined inside animals and plants are unconfined back in to the atmosphere. Also, biomass 

energy can be created by growing more plants and crops. Biomass is a renewable as well as CO2 

neutral resource, thus regarded as key choice to substitute fossil fuels. This fact has inspired great 

interest in biomass. Biomass is organic material resulting from living, or recently living organisms. 

Most often it refers to plants or plant-based materials which are precisely called ligno-cellulosic 

biomass. The chemical composition of biomass is given ahead. Biomass is carbon based and is 

comprised of a mixture of organic molecules containing hydrogen, oxygen, nitrogen and also small 

quantities of other atoms, including heavy metals, alkaline earth and alkali metals (Bridgwater, 1996). 

Chlorophylls are porphyrins and contain magnesium. The above metals are found in functional 

molecules like chlorophylls or porphyrins. As an energy source, biomass can either be used straight 

via combustion to produce heat, or indirectly by converting it to various forms of bio fuel. Types of 

Biomass are as follows:-  
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1. Virgin wood: - wood processing, forestry etc.  

2. Energy crops:- grass that is use specially for energy application  

3. Food Waste:- by preparation, consumption and usage of food  

4. Industrial waste and co-products:- industrial manufacturing waste  

5. Agricultural residue:- agricultural activity’s residue Chemical constituents of Bio-mass Ligno-

cellulosic biomass contains cellulose, hemi-cellulose, and lignin, along with minor amounts of lipids 

(fats, waxes, and oils), proteins and minerals. Approximately two thirds of the dry mass of cellulosic 

materials exists in the form of hemicellulose and cellulose with lignin making up the bulk of the 

remaining dry mass. 

 

METHODS 

The study adopted the experimental research design. This is because sample was drawn from the 

laboratory. The use of heterogeneous catalysts in bio-oil upgrading is critical. Heterogeneous catalysts 

such as zeolites and other related catalysts such as alumina, metal oxides, and various FCC catalysts 

will be adapted to produce a high-grade bio-oil with excellent product quality. The principle of 

catalytic upgrading entails the treatment of the hot vapour before quenching in a catalyst environment 

to crack the heavy components to the desirable organic compounds with less oxygenated liquid. When 

a catalyst is included, to the bio-oil under high temperatures, it breaks macromolecules into smaller 

components. It also allows the bio-oil to undergo chemical reactions such as cracking, deoxygenating, 

aromatization, isomerization, and alkylation to create new compounds. Heterogeneous catalysts based 

on inorganic materials, such as zeolites, molecular sieves, and others, are commonly employed as 

cracking catalysts for crude oil refining, upgrading bio-oil, and manufacturing the fine and specialty 

chemicals.   The upgraded bio-oil will contain substantially less oxygen. Also, the up graded bio-oil 

will have higher heating values than standard petroleum heavy crudes. 

 

DATA ANALYSIS 

Research Question one 
What is the percentage composition of SiO2, TiO2, Al2O3 and Fe2O3 at 700oC and 800oC? 

Table 2: The percentage composition of SiO2, TiO2, Al2O3 and Fe2O3 at 700oC and 800oC 

Compounds % Composition 

700oC 800oC 

SiO2 38.93 50.81 

TiO2 0.22 0.3 

TiO2 1.69 4.29 

Fe2O3 12.98 5.65 

   

 

Dan-Jumbo & Aseminaso ……Int Inno. Maths, Statistics & Energy Policies 11(4):23-28, 2023 



26 
 

 

Figure 1: Chart of percentage composition of SiO2, TiO2, Al2O3 and Fe2O3 at 700oC and 800oC 

 

Findings from figure 1 revealed that SiO2 composition at 700oC and 800oC has a temperature of 

38.93oC and 50.81oC. TiO2 percentage composition at 700oC and 800oC has a temperature of 0.22oC 

and 0.3oC. Al2O3 composition at 700oC and 800oC has a temperature of 1.69oC and 4.29oC. Fe2O3 

composition at 700oC and 800oC has a temperature of 12.98oC and 5.65oC. 

 

Research Question Two  

What is the percentage composition of MnO, MgO, CaO and NaO at 700oC and 800oC? 

Table 2: The percentage composition of MnO, MgO, CaO and NaO at 700oC and 800oC  

Compounds % Composition 

700oC 800oC 

MnO 0.37 0.11 

MgO 9.40 3.48 

CaO 14.73 11.12 

Na2O 0.79 0.37 
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 Figure 2: Percentage composition of MnO, MgO, CaO and NaO at 700oC and 800oC 

 

Findings from figure 2 revealed that MnO composition at 700oC and 800oC has a temperature of 

0.37oC and 0.11oC. MgO percentage composition at 700oC and 800oC has a temperature of 9.40oC and 

3.48oC. CaO composition at 700oC and 800oC has a temperature of 14.73oC and 11.12oC. Na2O 

composition at 700oC and 800oC has a temperature of 0.79oC and 0.37oC. 

Summary of Findings 

The summary of the findings are stated below: 

1. Findings from figure 1 revealed that SiO2 composition at 700oC and 800oC has a temperature 

of 38.93oC and 50.81oC. TiO2 percentage composition at 700oC and 800oC has a temperature 

of 0.22oC and 0.3oC. Al2O3 composition at 700oC and 800oC has a temperature of 1.69oC and 

4.29oC. Fe2O3 composition at 700oC and 800oC has a temperature of 12.98oC and 5.65oC. 

2. Findings from figure 2 revealed that MnO composition at 700oC and 800oC has a temperature 

of 0.37oC and 0.11oC. MgO percentage composition at 700oC and 800oC has a temperature of 

9.40oC and 3.48oC. CaO composition at 700oC and 800oC has a temperature of 14.73oC and 

11.12oC. Na2O composition at 700oC and 800oC has a temperature of 0.79oC and 0.37oC. 

 

CONCLUSION 

The ash was more favorable for synthesizing low Si/Al zeolites. In all, the high silica content of bio-

mass gave the waste a significant advantage as a source of silica for zeolite catalyst production, which 

was comparable to silica derived from other agricultural wastes, such as palm kernel shells, as seen in 

the literature. 

 

RECOMMENDATION 

It was recommended that in other to obtain higher yield of bio-oil production, production should be 

done within the range of 700oC and 800oC to obtain a better quality fuel.  
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