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The energy crisis and ecological disasters have become a critical problem in recent 
decades. The human activities through industrial operations increase emissions and other 
pollutant particulates in the world as a result of steady patronage on fossil feedstock. 
Several experiments were performed to identify an alternative fuel meeting the rising 
energy demand. Biomass (bio-fuel) has recently been developed as an economical fuel, 
environmentally friendly resource, renewable and sustainable fuel. Approximately 350 
crop plants were evaluated and some of them could be considered as suitable alternative 
diesel engine fuels. To increase the bio-fuel quantity globally, apart from crops, other 
biomaterial sources are considered potential in biofuel production. It was shown that the 
properties of biofuel combustion are identical to fossil. In the experimental combustion 
of biodiesel blends, higher ignition pressure and temperature, shorter ignition delay, and 
higher peak release were recorded. This paper is a literature review on the need for 
biofuels as a global renewable fuel resource and aims to explain the characteristics of 
combustion and pollutant formation in the application of biofuels. The study also stated 
the resources, the use of biogas and its emission impact in flameless combustion mode. 
With holistic adoption of biomass source of fuel together with the modern conversion 
techniques, issues from fuel emissions will be mitigated. 
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1. Introduction 
 

Coal and petroleum otherwise known as fossil fuel has predominantly used for power generation 
globally. Since development cannot be achieved without industrial/ technological contributions. The 
use of those fossil fuels in the actualization of economic growth and transformation through 
industries affects mankind via pollution. Because of these confronted challenges, the academic 
decline of fossil fuels and environmental concerns have persuaded study on new fuel supplies and 
the disposal of unsustainable energy resources worldwide [1–6]. Although many combustion 
techniques have been introduced in solving the pollution problems, yet not sufficient since some 
emissions are still recorded. The chemical conversion of fuels (fossil and biofuel) to generate heat 
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and power, follows various combustion step, also results in dangerous emissions instead of useful 
CO2. For an instant, products like emissions of SOx (SO2 and SO3) and NOx (NO and NO2), causes acid 
rain, thus, turns to serious concern [2,7–9]. These product compounds contribute to the generation 
of sulfuric acid and nitric acid in oxide droplets in the environment. The above acids can precede both 
wet (e.g., by droplets) and dry (attached to solids accumulated on Earth), causing acidification of 
water and soil [10,11]. 

However, bioenergy sources such as animal and agricultural waste, urban solid waste and 
wastewater waste as alternative energy sources have recently gained attention and considered an 
effective mechanism of repairing ecosystem [12,13]. Biomass (wood, charcoal, crop residues, and 
animal dung) and coal are used by almost 3 billion people worldwide as their primary energy source 
for cooking, lighting and other household purposes, including food processing [1,14]. In many 
developed countries, biomass accounts for more than half of household electricity, and about 90% 
in some lower-income countries as illustrated in Figure 1. Biofuels are derived from renewable energy 
resources and be non-polluting, but non-renewable energy and pollutant fuels are classified as fossil 
fuels. However, some biomass burning is also known as an environmental source of pollution, adding 
up to 40% of aggregate carbon dioxide and 38% of tropospheric ozone [15,16]. But if well treated or 
adopting some of the flameless combustion techniques shows emission-free [17,18]. Normally, both 
gaseous and liquid fuels, primarily derived from biomass like; bio-ethanol, biodiesel, bio-methanol, 
and bio-hydrogen are classified as biofuels [19,20]. Biogas is the biofuel that is most impressive. It is 
now more directly available, has good storage stability, has improved capacity, and are more flexibly 
implemented. It also can be derived from different biomass raw materials through fermentation 
processes, pyrolysis, or gasification approaches [21–23]. As alternatives to petroleum-based oils, 
liquid biofuels and biogas are applicable in IC engines or fuel cells. Converting biomass to electricity 
is similar to the conversion of coal to electricity using the combined cycle technique of either direct 
combustion or advanced gasification [9,22]. 
 

 

 
Fig. 1. Household electricity, and about 90% in some lower-
income countries [24] 

 
2. Bio-Fuel Sources/Production  
 

Biofuels may refer to fuels that are used for the generation of electricity, but they usually refer 
to liquid fuels that are used for transport [18,25]. Biomass fuels or biofuels belong to chemical energy 
stored by photosynthesis within plants. Feasibly, photosynthesis could transform 6.7 % of the solar 
energy production on land into chemical energy, although only 0.3 % is retained as carbon 
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compounds in land plants on average [26]. Bioethanol synthesized from carbohydrates and biodiesel 
(ester) derived from fats and oils is currently the most popular fuels [27]. While ethanol is obtained 
from starch and sugars, it makes a good impact from the perspective of protecting the natural 
environment. Ethanol, produced from herbaceous and woody plants, agricultural and forest residues 
and vast amounts of urban and industrial waste, is derived from cellulose biomass [12,21,28]. 
However, starch and sugar represent a modest quantity of plant content, most of the biomass is 
represented by cellulose and hemicellulose, which are polymers of sugar molecules [1,4,29]. 
Generally, biomass for bio-fuel production can be group into two categories as in Figure 2. 
 

 
Fig. 2. Main sources of biomass for the 
production of bio-fuel 

 
Many crops are cultivated primarily for their value as fuel. Many crops can easily be used as 

sources of energy. Any matter collected from commercial or residential land, such as food waste, 
paper, is organic municipal solid waste (MSW) or garbage [12,30]. Wood is perhaps the most widely 
used biomass for heat and fuel and unused woody waste is a by-product of many forestry activities 
[21]. Slade et al., [5] presented an overview of different findings regarding the availability of biomass 
globally both in the near and further future. The conclusion of the report is described in Figure 3. The 
illustration shows that biomass can make a significant contribution to the supply of primary energy, 
but the magnitude of the trading volume depends on factors such as population growth, nutritional 
advancement and the associated development of meat-producing farming practices, changes in 
sustainable agriculture and forestry principles, and residue use [31,32]. 
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Fig. 3. Biomass potential as a fundamental energy source [5,33] 

 
3. Structural Constituents of Biomass 
 

The composition of biomass for bio-fuels is correlated with a multitude of physical characteristics, 
but belonging to the group of plants, constitutes cellulose, hemicellulose and lignin as the main 
structural cell wall components as shown in Figure 4 [4,29,30]. Besides, Starch (e.g., corn, banana, 
etc.) and chitosan are other significant bio-organic polymer structures that occur in nature [12,34]. 
The benefits and challenges from the utilization of biomass (biofuel) are listed in Table 1. 
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Fig. 4. Main constituents of biomass for biofuel production [4] 
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Table 1 
The benefits and challenges associated with bioenergy production [1,41–44] 
Benefit  Challenges  

Bioenergy stands as the promising renewable source 
of energy that possesses fossil properties, capable to 
control excessive emissions. Besides, non-scarce 
substances are being used for extracting energy 
from biomass. In comparison, many other major 
renewable energy sources use uncommon materials 
to create the necessary devices for power 
generation. 
 

Compared with fossil fuels, biomass is characterised 
by a low energy density that threatens logistics. As a 
result, there is a minimal productive supply of 
biomass and, thus, it can only partially (but still 
substantially) lead to world energy consumption. 

As a relatively constant source of supply, biomass is 
accessible as it can be retained under some 
biomass-specific constraints, so it can serve as a 
"natural battery." This would be relevant in terms of 
ensuring the protection of the energy supply. On the 
other hand, solar and wind energy are accessible as 
varying sources in which the utilization of biomass is 
still an area of growth. 
 

Though biomass is indeed renewable, they are 
widely used during the entire life cycle to produce 
fertilisers, pesticide, and eventually upgrade it to an 
actual fuel. Biofuels thus do have a fossil carbon 
footprint to a certain degree. 

Biomass is an excess of solar energy collected and is 
also used indirectly. 

Habitat destruction issues characterized by severe 
loss of biodiversity and carbon stocks can arise if 
energy plantations are carried out at the cost of, for 
example, tropical rain forests. 

Since biomass is produced (indirectly) on a relatively 
short time scale by CO2 and water photosynthesis, 
which would also be released in energy conversion 
systems, one can technically speak of a "carbon-
neutral" fuel. 
 

A downside to using biomass as a natural source of 
energy will be the destruction of productive work 
(exergy). Using biomass as a source for chemical 
synthesis could be more effective from the point of 
view of a power system. 

Biomass cultivation, processing, transport and 
storage, trade and refining for final use for energy 
conversion applications will boost rural economic 
growth more than that in the fossil fuel processing 
sector by generating additional employment. The 
latter contributes to increased income for both 
developed rural regions of the and finally provides a 
way to combat the persistent depopulation of such 
regions 

In general, the conversion of biomass materials into 
biofuels is low, indicating that relatively large 
surfaces are required to harvest sufficient material 
for energy conversion applications. 

 
3.1 Cellulose 
 

Cellulose is a glucose C6 sugar (hexosan) homopolysaccharide (C6 H10 O5) n that represents the 
main component of cell walls of plants, formed the world’s source of organic materials [1,4,30]. It is 
integrated naturally with fibrous material such as kapok and cotton, forms the raw material for many 
industrial goods, such as paper, chipboard, mohair, bubble wrap. The bulk of biomass content 
consists of around 40-50 wt.% cellulose on a dry fuel basis. The cellulose arrangement nature 
comprises about 14,000 linear D-glucopyranoside units linked by 1:4 β-glycosidic linkages, thus 
contributing significantly to the properties of biofuels. It is a species with high molecular weight, with 
a molecular mass usually equal to 106 kg mol-1. The β-glycosidic associations are usually referred to 
as weak bonds that are easily broken and help to degrade the cellulose substrate [12,29]. Compared 
to hemicellulose and starch, this structure provides extremely high stability towards thermal and 
biochemical breakdown [30,35]. 
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3.2 Hemicellulose 
 

Hemicelluloses are heteropolysaccharides composed of cellulose-associated C5 and C6 sugars 
(hexosans, pentosans) contained in the cell wall domains of plant species. In-plant biomass, is the 
second most abundant bio-material component species, account for approximately 25-35 % of dry 
wood, 28 % of softwoods, and 35 % of hardwoods [1,4,36]. Hemicelluloses operate as a material for 
frame bond strength in plant cell layers, binding the micelles and fibres of cellulose together. 
Hemicelluloses represent relatively tiny molecules containing residues of 50-200 monosaccharides 
and form linkages distinct from those in Cellulose, e.g., side groups (branches) of oligosaccharide 
connected to the polysaccharide skeleton and functional group of acetyl [29]. Further categorised in 
their structure by the form of the main monosaccharide (e.g., xylose, arabinose, mannose, and 
galactose). The groups that can be classified into xylans, glucomannans, and arabinogalactans are D-
xylans, L-arabino-D-xylans, D-mannans, D-galactose-D-mannans, D-gluco-D-mannans and L-arabino-
D-galactans [4,12]. The composition of hemicellulose varies in plant tissue and influences the 
property of bio-fuel obtained. Hemicelluloses, because of less stable intramolecular linkages, are 
quicker to decompose than cellulose, both thermo-chemically and biochemically [1]. 
 
3.3 Lignin 
 

Lignin is an amorphous biomass component consisting of a dynamic and complex three-
dimensional matrix of aromatic substructures that offers durability and strength and forms the 
woody cell membranes of plants and the reinforcing material between them together with cellulose 
[36,37]. The bulk of biomass consists of 20-30 % lignin, a growth-related process called lignification, 
which is deposited within cell spaces. It is possible to distinguish different functional groups in lignin, 
such as hydroxyl, carbonyl and methoxyl groups [36]. The complex cellular units are linked mainly by 
ether attachments, but carbon-to-carbon interconnections exist as well [21]. In plant biomass, lignin 
has many roles. In addition to its contribution to mechanical strength, it preserves biomaterial from 
attacks for some bacteria’s, since it is not usually digested by animal enzymes, thus contributed to 
the excellent nature of biofuel products [12]. In thermal conversion (pyrolysis), lignin is fairly stable 
and has a significantly higher heating value (HHV) than carbohydrates [38–40]. 
 
4. Bio-fuel Conversion Techniques Route from Biomass 
 

As stated above, biofuels are referred to as a broad bioenergy category based on different raw 
materials and supplied by various technologies [4,26,45,46]. Depending on the expecting product, 
biomass can be transformed via biological routes into liquid or gaseous fuel [37]. In choosing a 
particular conversion technique, many factors always taken into consideration and properties of the 
fuel like physiochemical characteristics seems essential aspect owing to their influential strength 
toward the performance of the fuel produced [30,32]. These biofuels include biogas, bio-ethanol, 
bio-hydrogen, biodiesel and other amounts of some synthetic products, as shown in Figure 5 [5].  
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Fig. 5. Bio-fuel production process [13,27,46] 

 
Natural resources possessing sugars or substances which can be processed into simple sugars 

could be used as fermentation substrates [37]. For example, beet molasses and cane, sugar cane, 
sugar beets and fruit juices are directly used commercially as fermentable products. As mentioned in 
section 3.0, lignocellulosic content consists of lignin, hemicellulose and pectin-embedded cellulose 
microfibrils with a modified proportion of each component between plant species and plant 
components, as listed in Table 2. Biomass conversion is more complex unlike simple sugar and starch 
since the first fermentable sugars need to be produced from lignocellulosic materials through 
hydrolysis [21,34]. The bio-ethanol processing process includes the extraction of fermentable sugars 
from polysaccharides, the refinement of extracted sugars, and the distillation process to separate 
bio-ethanol [27]. The bio-ethanol processing process involves the extraction of fermentable sugars 
from polysaccharides, the refinement of extracted sugars, and the distillation process to separate 
bio-ethanol. The suitable candidates for the production of bio-ethanol are well-known yeast bio-
ethanol producers such as cerevisiae, Zymomonas mobilis and many other microorganisms such as 
Clostridium [26]. The total energy for biosynthesis release reactions generates 2 moles of bioethanol 
and CO2 per each mole of glucose consumed according to Eq. (1) [21].  Feasibly, 51.4g of bioethanol 
and 48.8 g of carbon dioxide would be generated from 100 grams of glucose [37]. 
 
𝐶6𝐻12𝑂6  →   2𝐶2𝐻5 𝑂𝐻 + 2 𝐶𝑂2 + 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑠𝑡𝑜𝑟𝑒𝑑 𝑎𝑠 𝐴𝑇𝑃)       (1) 
 
Where the Adenosine triphosphate (ATP) is the stored energy in organic material. 
 

Table 2 
Some essential composition (wt%) of lignocellulosic biomass [12] 
 Sugar beet pulp Wheat straw Bagasse 

Xylose 18.2 19.2 22.1 
Glucose 24.1 32.6 39.0 
Arabinose 1.5 2.4 2.1 
Galactose 0.9 0.8 0.5 
Mannose 4.6 0.3 0.4 
Pentoses (C5) - - - 
Hexoses (C6) - - - 
Other constituents 50.7 44.7 35.9 

 
Another possible green product, an alternative to fossil fuels is biodiesel derived from oil crops, 

animal, plant, adopting a process of transesterification [47,48]. Biodiesel is a biofuel composed of 
organic oils extracted from monoalkyl esters that as shown in Figure 6. This is an ideal process where, 
in the presence of a catalyst and alkali such as potassium hydroxide, organic oil or triglyceride can be 
processed into biodiesel [49]. To fasting the reaction on biodiesel production, an excess of methanol 
is used [31]. 
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Fig. 6. Production of biodiesel using transesterification reaction [25,49] 

 
4.1 Chemical Reactions 
 

The biomass gasification process is characterized by many sub-processes like pyrolysis and 
gasification [28,50]. During gasification, many chemical reactions occur, which are summarized in Eq. 
(1)-(13) below [1,51]. In the reactions, carbonaceous residue called char mostly generated comprised 
of carbon (c) and tar as Cn Hm. Devolatilization or pyrolysis is called the thermal decomposition of 
biomass and the creation of gaseous products during biomass particle heating [5,28].  The reaction 
is an endothermic process that occurs in the absence of oxygen, by definition [52]. Devolatilization 
of solid biomass begins with the thermal cracking of compounds at temperatures above 200°C [53]. 
Products like Tars, liquids and gaseous products are formed at Up to 600°C temperatures [32,54]. 
However, the tars formation can be reduced through the application of some catalyst via the 
technique of in situ removal within the gasifier (primary methods) and downstream the gasifier 
(secondary approach) as shown in Figure 7, while Figure 8 described the thermochemical technique 
of conversion of biomass through gasification [5,46]. 
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halogen compounds  
Fig. 7. Approaches in reducing tar formation using the primary method and 
secondary approach [25,55] 

 
The volatile gas mixture consists of methane (CH4), carbon monoxide (CO), carbon dioxide (CO2), 

as well as other hydrocarbon gases like C2H2, C2H4, and C2H6, further illustrate the formation processes 
with the heat involved in Eq. (2)-(14) [51].  
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Fig. 8. The thermochemical technique of conversion of biomass through gasification 
with multiple products [22,51,52] 

 
𝐶 (𝑠) + 𝑂2  →  𝐶𝑂2    ∆𝑟 𝐻298

𝑂 =  −394𝑘𝐽. 𝑚𝑜𝑙−1         (2) 
 

𝐶 (𝑠) + 1
2⁄ 𝑂2  →  𝐶𝑂    ∆𝑟 𝐻298

𝑂 =  −111𝑘𝐽. 𝑚𝑜𝑙−1        (3) 

 
𝐶 (𝑠) + 𝐻2𝑂 ↔   𝐶𝑂 +  𝐻2   ∆𝑟 𝐻298

𝑂 =  +131𝑘𝐽. 𝑚𝑜𝑙−1        (4) 
 
𝐶 (𝑠) + 𝐶𝑂2  ↔  2𝐶𝑂    ∆𝑟 𝐻298

𝑂 =  +173𝑘𝐽. 𝑚𝑜𝑙−1         (5) 
 
𝐶 (𝑠) +  2𝐻2  ↔  𝐶𝐻4    ∆𝑟 𝐻298

𝑂 =  −75𝑘𝐽. 𝑚𝑜𝑙−1         (6) 
 

𝐶 (𝑠) + 1
2⁄ 𝑂2  →  𝐶𝑂2    ∆𝑟 𝐻298

𝑂 =  −283𝑘𝐽. 𝑚𝑜𝑙−1        (7) 

 

𝐻2 +  1 2⁄ 𝑂2  →  𝐻2𝑂    ∆𝑟 𝐻298
𝑂 =  −242𝑘𝐽. 𝑚𝑜𝑙−1         (8) 

 
𝐶𝑂 +  𝐻2𝑂 →  𝐶𝑂2 +  𝐻2    ∆𝑟 𝐻298

𝑂 =  −41𝑘𝐽. 𝑚𝑜𝑙−1        (9) 
 
𝐶𝐻4 +  𝐻2𝑂 →  𝐶𝑂 + 3𝐻2  ∆𝑟 𝐻298

𝑂 =  +206 𝑘𝐽. 𝑚𝑜𝑙−1                  (10) 
 
𝐶𝑛𝐻𝑚(𝑡𝑎𝑟𝑠) +  𝑛𝐻2𝑂 →  𝑛𝐶𝑂 + (𝑛 + 𝑚

2⁄ )𝐻2                   (11) 

 
𝐶𝑛𝐻𝑚(𝑡𝑎𝑟𝑠) +  𝑛𝐶𝑂2  ↔ 2𝑛𝐶𝑂 + 𝑚

2⁄ 𝐻2                    (12) 

 
𝐶𝑛𝐻𝑚(𝑡𝑎𝑟𝑠)  ↔  𝑛𝐶 + (𝑛 + 𝑚

2⁄ )𝐻2                    (13) 

 
𝐶𝑛𝐻𝑚(𝑡𝑎𝑟𝑠) + (4𝑛 − 𝑚)/2𝐻2𝑂 ↔  𝑛𝐶𝐻4                    (14) 
 

Through exothermic partial oxidation (auto-thermal operation) or indirectly through the 
integration of the reaction process with the external exothermic process, which transfers heat to the 
main gasification reactor, the supply of heat to complete the main endothermic gas-generating 
reactions may be provided in situ [56]. During the mechanism of the hydrothermal condition of 
biomass conversion, the biomass gasification with supercritical water is a result of thermal 
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decomposition reactions, yielding homogeneous reactions with the forming gases [28]. The overall 
process equation (for glucose) is expressed in Eq. (15)-(17) [26,32]; 
 
𝑢𝐶6𝐻12𝑂6 + v𝐻2 𝑂 → 𝑤𝐶𝑂2 + 𝑥𝐶𝐻4 + 𝑦𝐶𝑂 + 𝑧𝐻2                   (15) 
 
For the formation of complete hydrogen product; 
 
𝐶6𝐻12𝑂2 + 6𝐻2𝑂  → 6𝐶𝑂2 + 12 𝐻2                     (16) 
 
For maximum methane formation; 
 
𝐶6𝐻12𝑂6   → 3𝐶𝐻4  +  3𝐶𝑂2                      (17) 
 
5. Sustainability Impact of Bio-fuel 
 

The general conflict on limitations of the availability of oil in the mid-1970s gave rise to the first 
eagerness to support biomass for the supply of fuel as well as other types of renewable energy, also 
with the first oil crisis and environmental issues [41]. However, due to the oil crisis, fossil fuel prices 
dropped again because of their higher supply, hampering the further growth of bioenergy 
advancement [31,57]. The fear arose in the 1980s and 1990s that global warming and the subsequent 
climate change were boosted by CO2 emissions. The Kyoto Protocol (UNFCCC, 1997), centred on the 
Emissions reduction from fossil fuels and stimulated research in the field of renewables, in particular 
biomass, as one of the main sources of carbon mitigation [3]. With the change from the present 
energy system dependent on fossil fuels, it is anticipated that a sustainable bio-based energy system 
will be dispersed and require a complex combination of fossil and renewable sources of energy 
[26,50]. A global concept of sustainability is a "development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs [1,2,54]. Base on 
the concept, the sustainability impact was classified into socioeconomic impact and ecological 
implications associated with the utilization of biomass/biofuel products [2,54].  
 
5.1 Socioeconomic Consideration 
 

Economic growth depends on a stable supply of electricity. The price evolution of renewable 
fuels, in this case, centred on biofuels. Investments to be made in the capital for process equipment 
and facilities, as well as the requisite human capital, are the costs associated with the implementation 
of bioenergy technologies [9,33,58]. Moreover, in terms of economic parameters, permissible 
financing schemes in countries promoting bioenergy technologies are essential for sustainable 
development [43,59]. There is indeed a broad debate globally on the quality of biomass products and 
related activities in the field of certification, which defines supply and therefore pricing. Eventually, 
countries started to use taxes for importing and exporting biomass materials, which create exchange 
barriers that affect the economics of the supply of bioenergy, as well as affecting the production of 
biomass by countries with wide export potential [9,27,31]. Another significant element of 
sustainability is social impact. Food is of primary importance to life and this must not be threatened 
by biomass-growing systems. The labour opportunities offered in the field of growing and using 
biomass for the supply of energy will make a significant contribution to jobs that are of social benefit 
to humanity [2]. 
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5.2 Ecological Considerations 
 

Concerning the environmental effects, the key emphasis of the implementation of biofuels is the 
GHG footprint as referred to in section 1. Acceptability in terms of sustainable bioenergy production 
is determined not only by GHG but also by other air pollution. This concerns, for example, the 
precursors of acid rain, NOx and SOx [60–62]. In biomass, sulphur and other poisonous emissions 
formation are very minimal and can be controlled to zero levels using some flameless combustion 
mode (exhaust gas recirculation and application of catalyst [63–65]. Furthermore, the availability of 
nutrients and the harvest of biomass contribute to ensuring that agricultural practice can be 
continued, it should be held in equilibrium. Finally, biodiversity conservation should be valued so that 
the risk of failure by pests and diseases to which single crops may be exposed does not run also, a 
diverse ecosystem should also be ensured for the flourishing of human beings, flora and fauna [9,33]. 
Although intermediate reaction products (CO, CH4, particles Volatile organic compounds (VOCs) and 
others)  leave the reactor as part of the flue gas when the biomass is not fully oxidised into its final 
products. Therefore, CO emissions can be viewed as a reasonable measure of how complete the 
combustion performed. The rate at which CO is oxidised to CO2 depends primarily on temperature if 
oxygen is available [24]. 
 
6. Physiochemical Characteristics of the Biomass Samples (Bio-Fuel) 
 

Characterizing the composition of a given fuel (fossil and biofuel) can only be achieved utilizing 
two standard analyses, the proximate and the ultimate analysis, which is common practice, with their 
compositions listed in Table 3. 
 
6.1 Proximate Analysis 
 

To evaluate the constituent groups (Moisture content, Ash content, volatile matter content) in 
the gasoline, the proximate analysis is used. Moisture is one of the main components of biomass, 
and this also makes a crucial difference with coals [66]. High moisture levels can have a significant 
effect on thermal conversion as well as fuel nature, and either drying or water conversion techniques 
should be used [50]. For volatile matter content, the biomass sample is heated ('carbonised') in a 
coated crucible to 550°C (for coals to 900°C) in an inert environment.  Biomass can contain substantial 
volatile alkali substance quantities and also carbonates that can break down at temperatures above 
600°C, which limits biomass temperature. The more volatile fuel fractions are emitted as a 
complicated mixture of gases and vapours under these conditions. Ash melting (slagging) creates 
serious problems in biomass thermochemical processing systems, like an agglomeration of reactor 
contents and heat exchanger slagging, with negative consequences for safe and efficient reactor 
operation and heat application [32,54,67]. The ash content and the behaviour of ash melting are also 
significant properties of solid biomass fuels [66,67]. Some of the physical-chemical properties of the 
biomass samples. 
 
6.2 Ultimate Analysis 
 

The chemical composition and the HHV of the fuel are given in the ultimate (or elementary) 
analysis [66]. This analysis generally lists the fuel's oxygen, carbon, hydrogen, sulphur, nitrogen, and 
ash content on a percentage basis by weight (see Table 3). Remember that biomass typically has very 
low levels of nitrogen and sulphur compared to fossil fuels (mostly coal) [50]. The heating value (also 
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referred to as the calorific value) is a calculation of the thermal energy released after complete 
combustion and is a key feature for deciding energy balances and measuring the flame temperature 
for thermodynamic conversions such as burning. The HHV recognizes the water that was readily 
available as humidity in the liquid form, as well as the water chemically derived from the fuel-bound 
H material [50]. The LHV, on the other hand, suggests that all water forms exist in the vapour phase. 
 

Table 3 
Some of the Biomass samples physical-chemical properties [68] 
Ultimate Analysis (wt% on wet basis) Proximate Analysis 
Biomass C N O H S Moisture (%) (VM+FC) (%) Ash (%) HHV (MJkg-1) 
Pine 
sawdust 

45.95 0.32 34.32 7.47 0.57 60   8.44 11 61  88.37 62  4.71 63  17±0.07 

Sugar 
cane 

45.06 0.25 37.91 5.57 - 30  6.95 31  89.82 32  3.21 33  17±0.07 

Rice 
Husk 

31.47 1.04 23.03 6.67 0.50 50  8.19 51  61.68 52  29.53 53 15. 39±0.01 

Peanut 
shell 

41.52 2.12 27.96 7.43 0.60 40  7.98 41  79.10 42  12.80 43  16.52±0.03 

Tucuma 
seed 

48.83 0.88 32.20 6.12 - 20  6.08 21  88.18 22  5.97 23  20.77±0.07 

Coffee 
husk 

43.13 1.55 32.78 5.02 0.67 10  8.44 11  82.54 12  7.40 13  16.797±0.07 

 
7. Exhaust Emission Reduction from Bio-fuels 
 

Bioethanol is a relative quality fuel that can minimise air pollution and increase the efficiency of 
vehicles. The properties of bio-ethanol mean that it improves the amount of octane as an additive, 
decreases emissions and is cleaner for the environment than gasoline and diesel [50]. The emissions 
of bio-ethanol blends are reduced by up to 10 % (HC 18 %, CO 18 %, NOx 10 %) and do not present 
any problems. Because of the amount of oxygen in biomass, bio-fuel is referred to as "oxygenate" 
because it contains 34.7 % oxygen by weight, which causes combustion of fuel and thus leads to 
exhaust pollution and petroleum use reduction, thus, bio-ethanol showed a 21 % decrease in CO2 
equivalent production when compared to 2.44 kg CO2 equivalent/ litre gasoline production [39,44]. 
The area of biodiesel, contains much amount of cetane, little sulphur content and lesser aromatics, 
unlike conventional diesel fuel [17]. Emissions formulations are reduced due to the presence of 
oxygen in the fuel [50,51]. The current engines can use a 20 % biodiesel blend with no alteration and 
reduction of torque output based on the content. On the side of biogas, taking from a greenhouse 
gas point of view, the production of biogas from animal waste is highly favourable, reducing the 
emission of methane and reducing the release of carbon dioxide, unlike fossil fuel [50,63]. There is 
still some threat to NOx emissions, but they remain below EU standards. Biogas is much greater than 
NGV in terms of CO2, hydrocarbons and CO emissions [39]. Also, in hydrogen fuel, biohydrogen is a 
renewable and clean energy fuel that, when combusted, creates water rather than greenhouse gases 
[69]. Hydrogen could be a pollution-free transportation fuel, depending on the energy source that 
induces the chemical reaction. Current government and industry scientific research investing to 
examine the safe and economical manufacture of hydrogen and hydrogen vehicles. 
 
7.1 Emission Control Through Flameless Mode 
 

During the flameless process, pollutant emissions were very low for both fuels (bio-fuel and 
natural gas); only residual values of CO and NOx were calculated in the chimney. The mean pollutant 
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emission level is shown in Figure 9. According to Bagheri et al., [70] findings, dilution of methane with 
inert gases such as CO2 by 40 % (volumetric) has a negligible impact on pollutant emissions under the 
Flameless combustion regime in the furnace setting. Though this recirculation factor (Kv) could not 
be determined, the low emissions of NOx and CO, the very uniform temperature profiles and the 
visual characteristics of the reaction volume were not consistent with those recorded in the stable 
range for flameless combustion [60,71].  When in Flameless mode, the device was fuelled with 
biogas, the loss of energy from hot combustion products (851°C) via the chimney was 26 % of the 
overall output of fumes, while 12.9 % of the total energy input was projected [72]. On the other hand, 
15 % of the combustion products (881°C) were evacuated through the chimney when the device was 
fuelled with natural gas in flameless mode, and energy losses via the chimney were 6.5 % of the 
overall energy input [73]. 
 

 
Fig. 9. The emission percentages on CO2, O2, CO and NOx during Flameless mode 
[68]   

 
When the device is fuelled with biogas, the higher energy losses through the chimney are due to 

the higher concentration of CO2, which has a higher potential for radiation heat absorption that 
enables it to absorb more heat from the system the region of reaction. When the burner was fuelled 
with biogas, the calculated regenerative efficiency was 85 %, while for natural gas it was 66 %, which 
explains the possibility of achieving a comparable global efficiency under the flameless combustion 
scheme for both types of fuel [60,68]. 
 
8. Conclusion 
 

The effect and increase of the depletion of fossil fuel resources and knowledge of environmental 
emissions from the combustion of petroleum indicate the need to find alternative renewable fuels 
for fossil substitute. In contrast with fossil, the most essential qualities of bio-fuel are their 
renewability and eco-friendly properties. Thorough studies have confirmed that biomass can be 
considered one of the major sources of biofuel and has a good prospect of producing biodiesel. 
Globally, the economy is progressing rapidly and economic growth relies on green and sustainable 
energy. The influence of non-renewable resources not only releases a significant quantity of 
greenhouse gases into the atmosphere but also diminishes day by day, raising the need to replace 
non-renewable resources with sustainable energy shortly. The introduction of innovative methods 
and different initiatives verified that renewable energy has been of significant benefit globally for the 
improvement of mankind. In addition to the low biofuel emissions due to the oxygen content, the 
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efficiency of the furnace remained practically constant under the flameless combustion regime when 
burning biogas. NOx and CO emissions were very low in both cases, lower than 3 ppm and 16 ppm, 
respectively. Although the efficiency was 2 % lower when the device was fuelled with biogas, and a 
small reduction in the temperature area was observed. There were many advantages to the 
Flameless combustion process like a longer and dispersed reaction zone was discovered during 
service in flameless mode, the temperature profile was also more consistent, and the performance 
of the system was greater due to the use of regenerative honeycombs. 
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