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ABSTRACT

The study looked at the analysis of carbon, hydrogen and nitrogen variation of biomass mixture of
diesel and heavy fuel oil. The study employed two research questions. The experimental design was
adopted for the study. Findings obtained from research questionl, table 1, revealed that carbon
content at EPFB and diesel is 59.10 and 86.4; Hydrogen at EPFB and diesel is 4.20 and 13.7; and
Nitrogen at EPFB and diesel is 0.025 and 0.00. Further findings obtained from research question 2,
table 2, revealed that carbon content at EPFB and heavy fuel oil is 59.10 and 79.0; Hydrogen at EPFB
and heavy fuel oil is 4.20 and 9.0; and Nitrogen at EPFB and heavy fuel oil is 0.025 and 0.00. In other
to increase quality and reduce cost, fuel blend technology via pyrolysis of bio-mass is highly
recommended for environmental friendliness. This produces cheap fuel with a huge environmental
advantage.
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INTRODUCTION

Biological conversion may be carried out either through fermentation or anaerobic digestion.
Fermentation is enzyme-catalyzed, energy-yielding chemical reactions that occur during the
breakdown of complex organic substrates in the presence of microorganism, such as yeast or bacteria
to produce alcohol and carbon dioxide (Klass 1998). In fermentation, the microorganism feeds on the
sucrose or glucose produced after pretreatment processes of the biomass (sugar or starch) and
converts them to alcohol and carbon dioxide. The alcohol thus, produced is usually called bioethanol.
Apart from sugar and starch, any lignocellulosic biomass can be used as feedstock. Here, conversion
can be achieved by hydrolysis, i.e. by breaking the biomass into its component parts. Lignocellulosic
conversion would greatly increase the supply of raw materials available for bioethanol production.
The lignin residues could be used as fuel for the fermentation process (United Nations Industrial
Development Organization, 2007) The second method of biological conversion process is anaerobic
digestion. It is the treatment of biomass with a mixed culture of bacterial to produce methane (biogas)
as the primary product (Ralph & Thomas 2008). The methane gas produced can be used directly for
cooking, heating, or electricity generation using fuel cell technology. It can also be compressed like
natural gas, for transport application. Anaerobic digestion usually takes place in a low oxygen
environment.The four stages involved in anaerobic digestion are hydrolysis, acidogenesis,
acetogenesis and methanogenesis.

As mentioned earlier, chemical conversion involves the transesterification of oils into biodiesel and
glycerol. Transesterification is the reaction of an alcohol with vegetable oil containing triglycerides to
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produce monoalkyl esters and glycerol (Meher et al., 2006). The vegetable oils used include: soybean
oil, rapeseed oil (canola oil), palm oil and coconut oil. Glycerol is the byproduct of transesterification
and it settles at the bottom of the reaction vessel after the reaction has been completed. During the
transesterification process, intermediate glycerols (mono and diacylglycerols) are formed. These
intermediate products, and some other impurities such as unseparated glycerol, free fatty acids,
residual alcohol, and catalyst can contaminate the final product (biodiesel). This can lead to severe
operational problems, such as engine deposits, filter clogging, or fuel deterioration when using
biodiesel.
There are basically three methods of thermal conversion of biomass to biofuel. The first method is
called combustion, which is the direct burning of biomass to produce useful energy, such as hot water,
steam and electricity. Combustion is widely practiced, although the efficiency is very low compared
to gasification and pyrolysis. When used in many applications, it could lead to fouling of equipments.
Gasification is the second thermal conversion process and it is used to convert biomass to synthesis
gas. This synthesis gas is a mixture of carbon monoxide and hydrogen. It can be combusted to
generate heat which in turn could be used to produce steam, used in an engine or turbine for electricity
generation. Biomass gasification technologies are similar to coal gasification and both produce similar
product gases. It is noted that since biomass contains more volatile matter, its gasification occurs at
lower temperatures and pressures when compared to coal (Ralph & Thomas, 2008). The third thermal
conversion process is called pyrolysis. Pyrolysis is always the first stage in combustion and
gasification followed by total or partial oxidation. In gasification a fuel gas is mainly produced, while
in pyrolysis, pyrolysis liquid, char and gas are the main products (Bridgwater, 2007; Mohan et al.,
2006; Bridgwater et al., 2002; Bridgwater & Peacocke, 2000). The yield of the liquid product is very
dependent on the temperature, heating rate and residence time of the raw material. Lower process
temperature of about 400°C and longer vapor residence time of about 20s favour the production of
char while higher temperature of about 800°C and longer vapour residence times favours gas
formation (Bridgwater, 2007). The highest liquid yield is obtained with fast or flash pyrolysis, where
the biomass is heated at a very fast rate (1000°C/s) to a moderate temperature of about 500°C with
very short vapour residence time.
Pyrolysis is referred to as a thermo-chemical process of the decomposition to smaller molecules by
thermal energy (Demirbas 2007). The products of pyrolysis are gas, liquid and solid which can be
used as improved fuels or intermediate energy carriers. Pyrolysis to a liquid offers the possibility of
decoupling (time, place, and scale), easy handling of the liquids, and more consistent quality,
compared to any solid biomass (Mohan et. al., 2006). There are three types of pyrolysis, depending on
temperature, heating rate and residence time. These are flash, fast and slow pyrolysis. Flash pyrolysis
is a rapid heating rate process occurring at 400-900°C with small residence time. The product of flash
pyrolysis is gas and it can be used for energy generation. The second type of pyrolysis is called fast
pyrolysis. This is a thermal process in which the feedstock is rapidly heated in the absence of air,
vaporizes and condenses to a dark brown mobile liquid which has a heating value of about half of the
conventional fuel oil (Bridgwater and Peacocke, 2000; Zhang et al., 2006). Thus, it is differentiated
from flash pyrolysis as the heating rates are not extremely high and the temperature is lower than
600°C (loannidou, 2009). By comparison with slow pyrolysis, the heating rates are lower but the
residence times are longer. The operating temperature for slow pyrolysis is between 450°Cand 700°C.
The product of slow pyrolysis is mainly solid char, which could be used for combustion or as
activated carbon. Fast pyrolysis is mostly used in the conversion of biomass into liquid products. The
advantages include low production costs, high thermal efficiency, low fossil fuel input, and carbon
dioxide neutrality (Mohan et. al., 2006). The essential features of the fast pyrolysis process have been
summarized by Bridgwater & Peacocke (2000).
Purpose of the Study
The study looked at analysis of carbon, hydrogen and nitrogen variation of biomass mixture of diesel
and heavy fuel oil. Specifically, the study sought to:

1. Determine the carbon, hydrogen and nitrogen variation of biomass mixture of diesel and bio-

oil.
2. Ascertain the carbon, hydrogen and nitrogen variation of biomass mixture of diesel and heavy
fuel oil.
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Research Questions
The following research questions were used for the study:
1. What is the carbon, hydrogen and nitrogen variation of biomass mixture of diesel and bio-0il?
2. What is the carbon, hydrogen and nitrogen variation of biomass mixture of diesel and heavy
fuel oil?

LITERATURE REVIEW

Agricultural biomass Nigeria is greatly endowed with fertile hectares of land that support the
cultivation of agricultural biomass. Agricultural biomass is a relatively broad category of biomass that
includes: the food based portion of crops and non-food-based portion of crops, as seen in the energy
crop presented above. The food-based portion of crops is the part of the plant that is either oil or
simple sugars. Examples include: Rapeseed (used for canola oil), sun flower, soybeans, corn,
sugarcane and sugar beets. Corn and sugar beets can be used for ethanol production through
fermentation while the oilseed crops can be used to produce biodiesel. On the other hand, the non-
food-based portion of crops is that part which is usually discarded as a residue. Crop residues are
those residues that are associated with agriculture either as on-the-farm crop wastes, such as
cornstalks or as processing wastes such as rice husk, corn shells, palm kernel shell, cassava peels, etc.,
(Sambo 2000). Other examples of non-food-based portion of crops include: perennial grasses, animal
waste and landfill grasses. Animal wastes such as cattle dung, poultry droppings and abattoir wastes
are also available at places where cattle are reared, poultry farms and abattoir, etc. Agricultural
biomass consists of complex carbohydrate and could serve as good sources of fuels. Cornstalks, rice
husk, cassava peels, etc, can be fermented into ethanol while nutshell can be refined into biodiesel or
combusted to produce heat. Also, animal wastes can be used in the production of biogas. Biogas
digesters of various designs are capable of sustaining household, industrial and institutional energy
needs (Presidency 2003). The remaining part of this waste after digestion can be used as a fertilizer.
However, crop residue (agro-waste) is available in Nigeria in large quantities especially in the rural
areas where crops are cultivated.

The agro-waste (crop residues) in Nigeria was estimated in the year 2000 to be about 11.244 million
tons of the entire biomass resources of that year and this amounted to 147,700 MJ of energy (Sambo
2000). These wastes are currently burned directly as a starter or supplement materials to fuel wood.
They have a great potential for bio fuel production. Recently, some of these biomasses have been used
by different researchers to produce bio oil. These include rice husks and saw dust (Zheng et al., 2006)
and cassava plantation, like cassava stalk and cassava rhizome (Pattiya et al., 2006).

Saw dust is a typical example of lignocellulose biomass (biomass that is mostly plant cell walls which
have high carbon content). It is associated with the lumber industry and the main by-product of
sawmill. The saw dust generated from sawmills are often discarded, burnt as wastes or used for
cooking but may also constitute an environmental hazard if not properly used. However, as noted
earlier, sawdust can also be converted to bio-oil. In the recent times, Zheng et al. (2006) investigated
the use of saw dust in the production of bio oil. Also, Heo et al. (2009) investigated fast pyrolysis of
waste furniture sawdust in a fluidized bed.

The portion of MSW that is wood includes items such as discarded furniture, pallets, packaging
materials, processed lumber, and yard and tree trimmings (U.S. Department of Energy and U. S.
Department of Agriculture, 2005). These wastes are generated in the high-density urban areas and
they are usually burned to produce heat. Out of 56.2 million tons of biomass resources generated
(where???) in the year 2000, approximately 4.1 million tons was municipal solid waste.

The pyrolysis reaction takes place in the pyrolysis reactor at a temperature of about 500°C and short
residence time of about 2s. These conditions affect the yield of the bio oil produced. According to
Bridgwater (2004), yield of up to 75% wt on dry feed basis can be obtained. As would be expected
different types of reactors have been developed by so many organizations; some of these are discussed
in the next section. The products of pyrolysis reaction include; gases, vapours and char. These are sent
immediately to the cyclone, where the char is separated and then sent to the char collector. The
separation of char is necessary, since it contains some alkali and alkaline earth metals which act as a
cracking catalyst for the bio oil produced. These could lead to the production of side reactions, which
in turns, increases the viscosity of bio oil, resulting in its instability (Part et al., 2008). It is important
to note that some of these char particles always pass through the cyclones and are mixed with the
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liquid product. These can be removed by using hot vapour filtration. After solid separation, vapours
and gases are quenched rapidly to avoid continuous cracking of the organic molecules. The non
condensable gases are recycled and used as source of heat to the dryer while the bio oil produced is
sent to the bio oil storage tank for immediate applications. It could also, be upgraded, if need be.
Some parts of the vapours, like aerosols are very difficult to condense, as a result of this, electrostatic
precipitators are often used to capture these particulate material (Bridgwater & Peacocke, 2000;
Bridgwater et al., 2002; Bridgwater, 2007).

Fast Pyrolysis Reactors

An integrated fast pyrolysis process consists of the following; biomass reception, storage and
handling, biomass drying and grinding, reactor, product collection, storage and, when relevant,
upgrading. But amongst these components of the fast pyrolysis process, reactors are at the heart of the
process and it probably represents only about 10-15% of the total capital cost of an integrated system
(Bridgwater 2011). Most research and development has focused on developing and testing different
reactor configurations on a variety of feedstocks, although increasing attention is now being paid to
control and improvement of liquid quality and improvement of liquid collection systems (Bridgwater
2011). Some of these developed reactors include the following; fluidized bed, ablative (vortex and
rotating blade), rotating cone and vacuum and they are discussed in details below. The required
particle size of the biomass is usually less than 2-3mm and the rate of particle heating is the rate
limiting step. The residence time of solids and vapours is controlled by the fluidizing gas flow rate
and is higher for char than for vapours (http://www/pyne.co.uk). Fluidized bed reactors include, deep
bubbling, circulating and transported fluidized bed respectively. These reactors operate under
atmospheric pressure and temperatures ranging from about 450°C to 800°C. Bubbling fluid bed,
otherwise known as fluid bed, has been popular compared to the circulating fluid bed, because, it is a
well understood technology that is simple in construction and operation, good temperature control,
very efficient heat transfer to biomass particles due to high solid density and large heat storage
capacity. On the other hand, circulating fluid beds (CFB) have many of the features of the bubbling
fluid beds described above, except that they have shorter residence times for chars and vapors. These
give rise to higher gas velocities, faster vapour and char escape and higher char content in the bio oil
than in the bubbling fluidized beds. CFB also, have a higher processing capacity or throughput, better
gas-solid contact and improved ability to handle solids that are more difficult to fluidize. This
technology is usually used at a very high throughput in the petroleum and petrochemical industries
(http://www/pyne.co.uk). The technological strength and the market attractiveness favour the
circulating fluidized bed for its commercial potential. The heat supply typically comes from a
secondary char combustor (Smolders et al., 2006). Furthermore, some researchers have used the
fluidized bed pyrolyser with different feedstocks to produce bio oil under variable conditions.
Examples of such researchers include, Hang et al., (2012) and Pattiya and Suttiback (2011). Hang et
al., (2012) developed a cylindrical bubbling fluidized bed reactor having 2 kg/h pyrolysis capacity to
produce biocrude oil using fast pyrolysis. The reaction conditions evaluated included biomass feeding
rate, biomass particle size, nitrogen flowrate, heating temperature and cooling temperature were
varied to determine their respective effects on the yield of the products. The results show that the
biocrude yield increased from 54.6% to 57.8%, when the biomass particle size was increased, leading
to a decrease in the biocrude yield from 56.9% to 51.3%. Hang et al., (2012) also found that
increasing the nitrogen flow rate would lead to an initial increase in the biocrude oil yield from 53.9%
to 54.8% and a later decrease to 50.6%.

METHODS

Bio-oil is acidic, contains a lot of water and organic oxygenates, and undergoes polymerization
processes with age. Comparing the combustion properties of bio-oil to fossil-derived fuels and
measuring based on the ratios of O/C and H/C of the oils, since fuel quality is defined by a higher H/C
and a lower O/C value, the bio-oil components have a wide range of volatilities. Bio-oil has a far
lower H/C value than fossil-derived fuel, indicating a relatively poor heating value. Biomass-derived
oil is unstable and dense, with high flash and low pour points compared to diesel/LFO fuel.

Other properties such as higher heating value (HHV) (ASTM D240), viscosity (ASTM D975), pour
point (ASTM D97), density (ASTM D4052), flash point (ASTM D93), ash content (ASTM D428),
and carbon residue (ASTM D524), revealed that biochemical oil's composition differs significantly
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from petroleum fuels. Bio-oil's negative qualities, such as high water, oxygen, and ash content, poor
heating value, high viscosity, and corrosivity, render it inferior to conventional diesel oil in
transportation fuel applications. Bio-oil produced from biomass is often of low fuel grade. It cannot be
utilized as a transportation fuel directly. The specific properties of bio-oil, diesel, and Heavy Fuel Qil
(HFO). Bio-oil has a comparable nature to HFO, according to specific research. However, it contains
more moisture, has a greater oxygen concentration and has a lower heating value.

DATA ANALYSIS

Research Question 1: What is the carbon, hydrogen and nitrogen variation of biomass mixture of
diesel and bio-o0il?

Table 1: Carbon, hydrogen and nitrogen variation of biomass mixture of diesel and bio-oil

SIN | Property Bio-oil (EPFB) Diesel
1 Carbon 59.10 86.4
2 Hydrogen 4.20 13.7
3 Nitrogen 0.025 0.00

Findings obtained from research questionl, table 1, revealed that carbon content at EPFB and diesel is
59.10 and 86.4; Hydrogen at EPFB and diesel is 4.20 and 13.7; and Nitrogen at EPFB and diesel is
0.025 and 0.00.

Research Question 2: What is the carbon, hydrogen and nitrogen variation of biomass mixture of
diesel and heavy fuel oil?
Table 2: Relative yield obtained from Bio-oil (EPFB) and Heavy fuel oil?

S/N | Property Bio-oil (EPFB) Heavy fuel oil
1 Carbon 59.10 79.0

2 Hydrogen 4.20 9.0

3 Nitrogen 0.025 0.00

Findings obtained from research question 2, table 2, revealed that carbon content at EPFB and heavy
fuel oil is 59.10 and 79.0; Hydrogen at EPFB and heavy fuel oil is 4.20 and 9.0; and Nitrogen at
EPFB and heavy fuel oil is 0.025 and 0.00.

Summary of Findings
The summary of the findings is as follows:
1. Findings obtained from research questionl, table 1, revealed that carbon content at EPFB and
diesel is 59.10 and 86.4; Hydrogen at EPFB and diesel is 4.20 and 13.7; and Nitrogen at
EPFB and diesel is 0.025 and 0.00.
2. Findings obtained from research question 2, table 2, revealed that carbon content at EPFB and
heavy fuel oil is 59.10 and 79.0; Hydrogen at EPFB and heavy fuel oil is 4.20 and 9.0; and
Nitrogen at EPFB and heavy fuel oil is 0.025 and 0.00.

CONCLUSION

The findings revealed that the variation in carbon content, Hydrogen content and Nitrogen content are
different. This implies that fuel quality is determined by the standard of blend that influences the
presence of carbon, hydrogen and nitrogen.

RECOMMENDATION

In other to increase quality and reduce cost, fuel blend technology via pyrolysis of bio-mass is highly
recommended for environmental friendliness. This produces cheap fuel with a huge environmental
advantage.
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