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Abstract 

Bio-oil is a potential fuel obtained from 

pyrolysis of biomass. This work provides a discussion 

about the different processes used to obtain this 

product, evidencing the factors that influence its 

properties and characteristics. A comparison of the 

properties of bio-oils with traditional fuels is 

presented. As well as this, the main treatments to 

upgrade biooil are also discussed. 
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I. INTRODUCTION 
 

          The environmental impacts caused by the 

burning of fossil fuels, the increase in energy demand 

associated with population and economic growth, the 

energy geopolitics that subordinate countries that do 

not have the minimum reserves of fossil; justify and 

impel the energy matrixes in the world to employ the 

gradual insertion of sources of renewable energies. 

Among the renewable energy sources are biofuels, and 

hydroelectric, wind, solar, photovoltaic, and 

geothermal energies [1].  

Controversies involve the pros and cons in regard to 

the production of biofuels to the detriment of food 

safety. This gives rise to the stimulation of second-

generation energy production and, essentially, the 

sustainable production of biomass, where second-

generation biofuels are produced from non-food crops, 

such as lignocellulosic materials, and agricultural and 

forestry waste [2].  

All organic material that comes from plants, such as 

wood and wood wastes, crops and their by-products, 

waste from food processing and aquatic plants and 

algae can be a biomass to be used as a raw material in 

energy production [3], [4]. The use of biomass 

products as a source of energy dates from prehistory 

with the discovery of fire, where wood was used as an 

energy source. Biomass products have increasingly 

gained more importance as an energy source. The 

great advantage of obtaining energy sources from 

biomass is that it is a renewable product and 

contributes to the reduction of environmental impacts, 

mainly in regard to the absorption of CO2 by biomass 

insofar as it serves as source of raw material, for 

energy purposes. 

Concerns and current needs regarding the insertion 

of biomass into the production of biofuels drive the 

development and expansion of biorefineries. A 

biorefinery is a concept analogous to the oil refinery, 

changing in the sense that it is based on the 

exploitation of large amounts of waste and natural 

resources, where biomass is converted into biofuels, 

energy and chemicals. A biorefinery encompasses 

thermochemical, biochemical, mechanical and 

chemical processes. The biomass allied to the 

concepts of agro-energy and bio-refineries is then a 

substitute for future oil depletion. In this context, 

challenges arise, such as: to produce raw material in 

large scale and at competitive costs; developing 

efficient and low-cost transformation processes; 

promote additional value in the chain with the use of 

co-products and with the implementation of processes 

focused on biorefineries [5]. 

Among the technologies for energy production 

from biomass and residues are biological processes 

(anaerobic digestion and fermentation), 

thermochemical (gasification, liquefaction, 

combustion and pyrolysis) and mechanical (Fig. 1). 

The literature has shown that studies focused on the 

development and improvement of more efficient 

conversion technologies, such as gasification and 

pyrolysis, are related to increased process efficiency 

and reduction of socio-environmental impacts [6]. 

Gasification is a thermochemical process in which 

solid or liquid fuels are converted into a mixture of 

gases that can be used as energy production (known as 

synthesis gas or syngas), or used as raw material for 

the production of other chemical compounds. This 

transformation occurs through the partial oxidation of 

biomass under high temperature conditions [7], [8]. 

The main components of syngas are CO, H2, CO2, 

CH4, H2O and N2, and this mixture can be burned to 

produce heat or synthesized to produce liquid fuels for 

transport [9]-[12]. 

Combustion is a process of burning biomass in 

ovens, boilers or stoves, involving reactions in which 

carbon and hydrogen, present in the fuel, react with 

oxygen forming CO2, water and generating energy.  
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Fig 1: Processes for obtaining fuels from biomass. Based on [7]. 

 

This is a well-established and widely applied process 

in sugarcane mills. Even though it is considered the 

simplest process to convert biomass to energy and is 

widely practiced commercially, combustion is not an 

ecological method [13], [14]. 

In the case of liquefaction this is a process that 

allows for the transformation of biomass with high 

moisture content (above 50% w/w) into liquid 

products using solvents in the process under 

conditions of high pressures (2-20 MPa) and lower 

and moderate temperatures (250- 450 ºC) [15]. It is 

also called hydrothermal liquefaction (HTL) when 

water is used as solvent. The operational conditions 

are performed in order to keep the water in 

supercritical conditions. Although it is a good process 

to obtain bio-oils, it has considerable costs of 

implantation [16]. 

Pyrolysis consists of the decomposition of dry 

biomass (containing a moisture content below 10% 

w/w) in a heated atmosphere, controlled (350- 550 ºC) 

at atmospheric pressure (0.1-0.5 MPa) in the total or 

partial absence of oxygen, with the formation of three 

products: coal, bio-oil and fuel gas [13], [17], [18]. 

One of the advantages of this method is the obtaining 

of products that can be used in the generation of heat 

and electricity, or after treatment are used with fuel 

and / or other chemical products. Moreover, high 

efficiency in the transformation phase (bio-oil with up 

to 70% yield) and low investment cost makes this 

process a differential in obtaining energy [19]. 

As seen, among the thermochemical conversion 

processes, pyrolysis has the clear advantage of 

generating solid, liquid and gaseous products and has 

generate great interest in the current scenario. The 

liquid product of pyrolysis, called bio-oil, is a 

renewable liquid fuel, and its production as well as its 

different applications is still under development, so a 

study supporting the production and processing of this 

product is essential.  

In this sense, this article presents an overview of the 

liquid product of the thermochemical conversion of 

biomass through the pyrolysis reaction, explaining the 

catalytic and non-catalytic processes, the types of bio-

oil treatment and the types, aspects and peculiarities of 

the raw material for conversion. 

 

II. PYROLYSIS AND THE BIO-OIL 

OBTAINING PROCESSES 

The thermochemical conversion of pyrolysis 

often occurs in a temperature range of 400 to 800 °C, 

generating as by-products fuel gases, bio-oil and coal. 

The liquid product of pyrolysis, called a bio-oil, is a 

renewable liquid fuel, formed by a complex mixture of 

organic compounds, including aromatic hydrocarbons, 

acids, esters, ether, alcohols, ketones, aldehydes, 

furans, sugars, amines, phenols, and water, as well as 

inorganic species, such as K, Fe, Al, Na, S, Ti, Mn, Ln, 

Ba and others [20]. 

Bio-oil is the dark brown color liquid fraction and 

with a characteristic odor of smoke resulting from the 

pyrolysis process. This complex mixture contains 

compounds with a varying molecule size resulting 

from the depolymerization and fragmentation 

reactions of the major constituents of the biomass: 

cellulose, lignin and hemicellulose. One of the 

characteristics of this mixture is its oxidative 

instability, which is caused by the presence of 

oxygenated compounds which makes it easy for aging 

and low energy density [21], [22]. 

Although bio-oil presents interesting characteristics 

for the production of energy, some properties of the 

bio-oil are still quite distinct from the properties of 

petroleum products, which makes it impossible to use 
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them directly as fuel in vehicles. Table 1 presents a 

comparison between the properties of bio-oil and other 

fuels. 

Even possessing properties that make it impossible 

for direct use as fuel in vehicles, such as high viscosity, 

high oxygen content, and oxidative instability, bio-oil 

has similar physical properties to diesel oil, and is 

therefore a great alternative to use as fuel in boilers, 

ovens, engines and turbines to generate energy as a 

substitute for diesel [7], having the advantage of being 

a fuel that generates energy comparable to fossil fuels 

characterized by producing compounds such as CO2, 

SOX, and NOX [31], [32]. As well as this, it can 

partially replace petrochemical phenol for the 

production of phenolic resins, which is the basis of all 

adhesives for compensated woods; and thus can be 

used as an additive in the manufacture of cellular 

cement, acting as an air incorporator in the mortar; or 

even be an additive for the transport of high viscosity 

petroleum; be present in emulsions for burning or 

emulsions for asphalt; and finally, it can be 

fractionated by distillation to obtain fractions used as a 

food additive and in the use of the production of slow 

release fertilizers [33]. These and other applications 

are indicated in Fig. 2. 

The nature and properties of the products obtained 

by biomass pyrolysis are strongly affected by the raw 

material and procedure used. The bio-oil consists 

basically of 20-30% of water and 70-80% of polar 

organic [34] and the composition and yield of the 

biofuel are influenced by the type of material and the 

technology used in the pyrolysis process. The 

pyrolysis processes can be classified according to the 

conditions employed, such as temperature, pressure, 

type of atmosphere, residence time, heating rate, 

catalyst and also the type of catalyst, as will be seen  
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Fig 2: Applications of bio-oil. Based on [7]. 

 

 

below. These factors influence the quality of the 

products and by-products of pyrolysis [35]. 

 

A. Slow Pyrolysis 

In pyrolysis, three products are always 

produced, but the proportions can be varied over a 

wide range of parameters due to process adaptation. 

Slow pyrolysis is characterized by slow heating rates 

favoring a higher yield of the solid product. Coal has 

several applications such as: fuel of heaters, catalytic 

converter, soil correction, adsorbent of contaminant, 

and activate carbon, etc. [36]-[39]. 

Shaaban et al. [40] and Chen et al. [41] evaluated 

the effects of the heating rate of slow pyrolysis of 

sawdust of rubber and bamboo wood, respectively. 

These studies concluded that the heating rate 

significantly influences the physicochemical 

properties of coal and other by-products.   

 

TABLE I 
Thermophysical properties of different fuels ([23]-[29] apud and based on [30]). 

Properties Bio-oil Diesel Heavy fuel oil 
Gasoline type 

C 

Ethanol 

(anhydrous) 

Density  

(kg/m³ at 15 °C) 
1220 854 963 740 790 

Ignition point (ºC) -27 -20 21 -40 -23 

Viscosity (cSta, 50 ºC) 13 2.5 3.51    −    − 

HHV (MJ/kg) 16-19 429 40.7 401 26.8 

Latent heat of 

vaporization (kJ/kg) 
   −    −    − 498 904 

C
o
m

p
o

si
ti

o
n
  % C 55-58 86.3 86.1 76.6 52.0 

% H 6.2 12.8 11.8 15.3 13.0 

% O 37.3    −    − 8.1 35.0 

% S    − 0.9 2.1    −    − 

Ashes (wt %) 0-0.2 <0.01 0.03    −    − 

Water (wt %) 15-30 0.1 0.1    −    − 

Acidity (pH) 2.5    −    −    −    − 
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Chen et al. [41] also studied the kinetic parameters 

of the slow bamboo pyrolysis, where the increase of 

the heating rate increased the activation energy values 

in relation to the content of bio-oil phenolic 

substances, CH4 concentrations in non-condensable 

gas, and the specific surface area of coal, while 

reducing the yield of coal, viscosity and water content 

of bio-oil and concentration of CO2. 

Lee et al [42] investigated the production of coal 

from the slow pyrolysis of Geodae-Uksae 1 for soil 

applications in order to sequester carbon from the 

atmosphere and improve crop productivity. The 

temperature of the pyrolysis ranged from 300 to 

700 °C, where the yield of the coal decreased with an 

increase in the temperature to 500 °C, above this 

temperature the decrease in solid yield was very small. 

In relation to the characteristics of the coal obtained, it 

became increasingly carbonaceous at high 

temperatures, releasing H and O. The coal produced 

exhibited a rapid increase in the surface area, which 

can conserve the nutrients in the soil preventing them 

from being washed away by water and thus reducing 

the need for fertilizer. 

Crombie & Masek [43] studied the feasibility of a 

self-sustaining slow pyrolysis system. Calculations 

based on the gaseous product composition of the 

pyrolysis showed that the process can be sustained by 

the energy contained within the pyrolysis gases. In this 

study, the energy balance showed the real possibility 

of slow pyrolysis as a self-sustaining system for the 

production of coal and bio-oil. 

B. Fast Pyrolysis 

When the liquid pyrolysis product is 

desirable in higher yields, the pyrolysis reaction 

should occur at a rapid rate of heating. The rate of 

heating in fast pyrolysis is generally about 300 °C min, 

less than the flash pyrolysis heating rate, and fast 

enough to obtain a larger amount of bio-oil [44]. Fast 

pyrolysis is also characterized by temperature control 

at approximately 500 °C, short residence time (less 

than 2 s) and biomass with particle size less than 3 

mm. In fast pyrolysis, the high yield of bio-oil is 

favored when a low ash content biomass is used. The 

liquid formed has half the calorific value of 

conventional fuel oil, which implies the need to treat 

the bio-oil so it can be applied as fuel for vehicles [8]. 

Ben & Ragauskas [45] carried out a comparison 

study for the characterization of oils obtained by fast 

and slow pyrolysis through characterization by Gel 

Permeation Chromatography (GPC), Nuclear 

Magnetic Resonance (NMR) and Heteronuclear Single 

Quantum Correlation- NMR. The raw materials 

employed were the soft wood kraft lignin and pine 

wood. The results indicated, for both lignin and pine 

wood, that the fast pyrolysis process produced less 

coal and that the gas yield was higher in the fast 

pyrolysis process, indicating that a higher heating rate 

could improve the decomposition of small oil 

components in pyrolysis. The significant difference 

between the fast and slow pyrolysis oil was the 

content of the methoxyl group. This content decreased 

by 76% for pine wood and 70% for lignin when using 

the fast pyrolysis system at 600 °C, indicating that the 

fast pyrolysis process will improve the cleavage of 

methoxyl groups. The fast pyrolysis process provides 

higher yield of liquid product, however, the higher 

content of polyaromatic hydrocarbons (PAH) and 

molecular weight of the fast pyrolysis oil create 

barriers to the subsequent treatment process. 

Kim & Agblevor [46] studied the characteristics of 

the fast pyrolysis of milkweed and carried out 

thermogravimetric analyzes designed for biofuels 

from high density raw material. The reaction 

temperature of the fast pyrolysis was determined from 

the analyzes of thermogravimetry (TG) and 

differential thermogravimetry (DTG) of the milkweed. 

When the reaction temperature reached 425 °C, the 

average conversion was 86.92%, at each heating rate it 

was assumed that most of the hemicellulose, cellulose 

and natural rubber had decomposed between 425 °C 

and 550 °C for fast pyrolysis. The total net yield was 

higher (44.19% by weight) at 425 °C, the gas yield 

was higher (33.33% by weight) at 550 °C, while the 

higher coal yield (24.5% by weight) was at 475 °C. 

The calorific value of the bio-oil of milkweed was 

between 30.33 MJ/kg and 32.04 MJ/kg, which is 

much higher than those of most lignocellulosic 

biomasses pyrolysed under similar conditions. 

Czernik et al. [47] evaluated the effects of storage 

conditions on the physical and chemical properties of 

fast biomass (biomass) pyrolysis oil (wood) exposed 

at elevated temperatures and for extended periods of 

time. The chemical changes in the bio-oil were 

measured using GPC and Fourier-transform infrared 

(FTIR) spectroscopy. The pH of the oil was not 

affected by storage, while the water content increased 

and aging progressed, suggesting that the 

condensation reactions occurred in the oil. The 

viscosity and molecular weight of the bio-oil also 

increased with time and storage temperature. 

Bai et al. [48] studied the origin of phenolic 

oligomers (a compound of difficult application, low 

volatility, high viscosity and quite reactive) during fast 

pyrolysis. Phenolic Oligomers are the most abundant 

products in the bio-oil from lignin pyrolysis. Pyrolysis 

products were investigated using gas chromatography 

/ mass spectrometry, GPC and atmospheric pressure 

photoionization to minimize secondary reactions. A 

significant fraction of the primary products during 

lignin pyrolysis are monomers and dimers, but they re-

oligomerize rapidly to form phenolic oligomers. 

Kiliç et al. [49] optimized the experimental 

conditions for obtaining the fast Euphorbia rigid bio-

oil by fast pyrolysis using the RSM based on 

experimental planning. The parameters evaluated were 

temperature, heating rate and nitrogen gas flow rate. 

The maximum yield of bio-oil was 35.3% in the 

optimum condition where the temperature was 600 °C, 
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the heating rate 200 °C/min and the nitrogen flow was 

100 mL/min. 

In view of its multiple applications, the interest in 

the liquid pyrolysis product has increased in the last 

30 years. Thus, studies in fast pyrolysis have been 

growing, in which there have been investigations into 

the influence of the type of reactor; different 

biomasses such as sewage sludge, wood, rice husk, 

and swine manure; the variations in the conditions of 

fast pyrolysis have also been studied in order to 

optimize the reaction that is particular to each type of 

reactor and biomass in terms of the composition of the 

bio-oil [50]-[54]. 

C. Flash Pyrolysis 

Flash pyrolysis is characterized by a very 

short reaction time and very high heating rate. 

Although flash pyrolysis can be performed with any 

type of biomass, this reaction requires an even smaller 

particle size, in the range of 105-250 μm. Using 

temperatures below 650 °C this reaction favors the 

formation of bio-oil, when using temperatures above 

650 °C the gas yield tends to be higher [55]. Flash 

pyrolysis is further subdivided into certain types such 

as hydro pyrolysis and vacuum flash pyrolysis [18].  

Pütün et al. [56] evaluated the effects of mass 

transfer and hydrogen pressure on the production and 

quality of bio-oil in the hydro-pyrolysis reaction of 

rigid Euphorbia. Hydro-pyrolysis is carried out under 

a pressurized hydrogen atmosphere, in order to reduce 

the oxygen content present in the bio-oil. 

Pakdel et al. [57] investigated the production of oil 

from bituminous shales through the vacuum pyrolysis 

reaction. Vacuum pyrolysis provides a higher yield in 

bio-oil in that it limits the secondary decomposition 

reactions. This study also compared vacuum pyrolysis 

with other traditional extraction processes, in which 

vacuum pyrolysis showed the highest oil yield. 

A study of the comparison of slow and flash of the 

raspberry seed was performed by Smets et al. [58]. 

The types of pyrolysis influenced the yield and 

properties of the products. Flash pyrolysis provided a 

higher liquid yield (53.6%) with high water content 

(26.2%) and higher heating values (HHVs) of 18.6 

MJ/kg. In the slow pyrolysis, the liquid product was 

collected in three fractions as a function of 

temperature, where fraction 1 (220-320 °C) and 2 

(320-350 °C) had a high water content different from 

fraction 3 (350-450 °C), which spontaneously 

separated into two fractions and had low water content 

and the organic fraction had a HHV of 27.0 MJ / kg. 

Table 2 show the types of pyrolysis associated with 

biomass, particle size, temperature and yield of the 

products. 

 

TABLE II 
Types of pyrolysis related to biomass, temperature, particle size and yield. 

  Biomass 
Temperature 

(°C) 

Particle size 

(mm) 

Produced Fuel (%) 
Ref. 

Coal Bio-oil Gas  

S
lo

w
 P

y
ro

ly
si

s 

Geodae-Uksae 1 300  4-12  49.54 30.7 19.75 [42]  

Sugar cane residue 500 <1  24.5 55.1 20.4 [59] 

Coconut fiber 500 <1  38.7 39.1 22.2 [59] 

Oryza sativa 500 <1  41 37.2 21.8 [59] 

Palm kernel shell (PKS) 500 <1  32.2 51.4 16.4 [59] 

Wood rod of Maesopsis eminii 500 <1  22.3 59.5 18.2 [59] 

Bark of Maesopsis eminii 500 <1  31.9 50.5 17.6 [59] 

Rice straw 300 - 50.2 33 16.8 [59] 

F
as

t 
P

y
ro

ly
si

s 

Linseed 550 0.6-1.8  12.5 62.7 24.8 [44] 

Rice husk 450 0.63-1  26 70 4 [50] 

Cotton seed 500 0.92 22 59.5 18.5 [51] 

Sludge 500 0.42 24 45.3 17.7 [53] 

Swine 600 0.6-1  6 18.48 36.15 [54] 

Wilkweed 425 <2  27.91 44.19 27.90 [46] 

F
la

sh
 P

y
ro

ly
si

s Waste wood 550 <1 16.7 67.8 15.7 [55] 

Euphorbia rigida 550 <0.55  16 43 11 [56] 

Raspberry seed 350 0.125-0.5 52.1 27 20.9 [58] 

 450 0.125-0.5 25.6 53.6 20.8 [58] 

 550 0.125-0.5 18.8 45 36.2 [58] 
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In the studies performed by Jeong et al. [54], it can 

be seen that the sum of oil, coal and gas yield does not 

reach 100% by weight because of the high ash content 

of the biomass. Also, according to Lee et al. [59] the 

yield was significantly influenced by the ash and 

lignin contents of the biomass which explains great 

differences in the yields of the products. 

D. Catalytic Pyrolysis 

Due to the fact that the pyrolysis bio-oil is 

not suitable for direct use as a fuel, pyrolysis is carried 

out in the presence of a catalyst with the main 

objective of improving the quality of the oil produced 

by the processes of slow, fast and flash pyrolysis [18]. 

Zeolites have often been used in catalytic pyrolysis 

of biomass. Samolada et al. [61] used zeolites 

(HZSM-5), transition metal catalysts (Fe/Cr) and 

aluminas to select catalysts capable of maintaining the 

amount of the liquid product with a minimum water 

production and also achieving a reduction of carbonyls 

during pyrolysis catalytic flash of biomass. HZSM-5 

was the one that achieved the complete conversion of 

the carbonyl compounds of raw material into 

hydrocarbons and phenolic compounds. In relation to 

the minimum obtaining of water in the process, the 

optimum catalyst was the transition metal catalyst 

containing Fe and Cr through the form of oxides. All 

the catalysts employed showed increased gas yield. 

Wang et al. [62] hydrotreated the bio-oil obtained 

from catalytic and non-catalytic pyrolysis. The results 

indicated that hydrodeoxygenation is facilitated in the 

catalytic pyrolysis bio-oil and that there is good 

synergy between catalytic pyrolysis and hydrotreated 

bio-oil for applicability as biofuel. In regard to the Pt / 

MZ-5 and Pt/Al2O3 catalysts, the former showed the 

best performance in reducing the oxygen content in 

the bio-oil, this performance in justified by the 

mesoporous structure of the catalyst. 

Xie et al. [63] studied the catalytic fast pyrolysis of 

microwave assisted sewage sludge using HZSM-5 as a 

catalyst. The temperature had a great influence on the 

pyrolysis process, in which the maximum yield of bio-

oil and the lowest proportions of oxygen and nitrogen 

compounds in the bio-oil were obtained at 550 °C. 

The use of the catalyst decreased the yield of the bio-

oil, however, it significantly reduced the proportions 

of oxygen and nitrogen-containing compounds. The 

HZSM-5 catalyst still showed good stability during 

pyrolysis. 

Lu et al. [64] studied a new technique to obtain bio-

oil rich in phenolic compounds from the fast catalytic 

pyrolysis of biomass impregnated with K3PO4. The 

presence of K3PO4 inhibited the devolatilization of 

holocellulose to form volatile organic compounds and 

promote the decomposition of lignin to form phenolic 

compounds, confirming positive results of K3PO4 as a 

catalyst to selectively produce phenolic compounds of 

biomass. 

A study of the catalytic effect of magnesium on fast 

pyrolysis in relation to the products obtained was 

carried out by Hwang et al. [65]. Table 3 shows the 

yield of the pyrolysis products as a function of the 

magnesium content in the biomass and the 

temperature. 

Huber et al. [15] mentioned that bio-oil produced 

by pyrolysis has problems that limit its applications, 

among them, as already mentioned, high viscosity, 

and others such as poor volatility, coke, and 

corrosivity. However, as shown in Figure 2, bio-oil 

has a number of applications and can be treated for the 

purpose of being used as carrier fuel or as a chemical 

substance. 

III.  BIO-OIL UPGRADING PROCESSES 
 

  As commented previously, the direct use of bio-oil as 

fuel in transportation vehicles is not viable due to its 

high viscosity, high oxygen content, and oxidative 

instability. Therefore, in order to make bio-oil useful 

as a transport fuel, additional treatment is necessary 

[8]. There are basically seven types of 

treatments/upgrades for bio-oils: hydrotreating, hydro-

cracking, supercritical fluids, solvent addition, 

emulsification, steam reforming, and extraction [16].  

 
 

 

 

TABLE III 
Yield of biomass pyrolysis products impregnated with magnesium (Mg) [65]. 

wt % Bio-oil Coal Gas 

  450 °C 500 °C 550 °C 450 °C 500 °C 550 °C 450 °C 500 °C 550 °C 

YP 59.7 52.6 46.8 9.6 8.4 5.8 30.7 39 47.5 

D-YP 59.6 55.5 46.7 6.2 4.7 3.3 34.2 39.8 50 

Mg-0.5 53.3 56.7 45.9 8.1 5.1 5.1 38.6 38.2 49 

Mg-1.0 54 52.3 47.2 8.2 6.7 6.2 37.8 41 46.6 

Mg-2.0 55.8 54.8 44.6 8.3 7.7 7 35.7 37.5 48.4 

       YP: Liriodendron tulipifera. 
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The most widely used process in the petroleum 

industry is hydrotreating. This process is a simple 

hydrogenation characterized by providing 

improvement in the quality of bio-oil without altering 

the boiling properties and it also is a non-destructive 

process. However, this process produces a high 

amount of coke (8-25%) and other products such as 

char and tar, and the quality of the fuel is inferior 

when compared to the other treatments [16].   

Hydro-cracking is a thermal process in which 

besides hydrogenation, the biomass goes through a 

cracking process. This process occurs at moderate-

high pressures (0.7 to 14 MPa) [66]. The advantage of 

this process is the production of large quantities of 

light products. However, the costs involved in this 

process and the necessity of deactivating the catalyst 

are inconvenient elements of this treatment [16]. 

Among the new methods, supercritical fluid 

technology has been shown good results in the 

treatment of bio-oils [67]. Water is one of the 

compounds used for this treatment. Carbon dioxide 

(CO2) also has several advantages, such as easy 

obtention, cheapness, non-flammability, non-toxic and 

it exhibits supercritical behavior under mild conditions 

of temperature and pressure (31°C and 7.38 MPa) [68]. 

The characteristics of the solvent at supercritical 

conditions of gas-like diffusivity and liquid-like 

density promote good effects in the reaction, resulting 

in higher bio-oil yields and fuel of better quality 

(lower oxygen content, lower viscosity). As well as 

this, other solvents such as methanol [69], [70] and 

ethanol [71]-[73] have been used to improve the 

quality and yield of the final product. 

Another type of treatment used is based on the use 

of solvent to change physical characteristics of the 

bio-oil, such as viscosity, and at the same time 

promote a reaction of esterification with oil 

components that prevent further chain growth [74]. 

This is a simple method used to decrease the viscosity 

of the bio-oil produced by pyrolysis and increase 

stability and heating value. Ethanol, methanol and 

acetic acid have been used for this propose [75]-[81]. 

Solid acid catalysts, solid base catalysts [82], ionic 

liquid catalysts [78], HZSM-5, and aluminum silicate 

catalysts have also been evaluated for esterification of 

bio-oils [83]-[85]. 

Emulsification is another possibility in the 

upgrading of bio-oil. The production of stable 

microemulsions, with 5–30% of bio-oil in diesel was 

investigated showing good results in the stability of 

bio-oil [86]-[89]. The emulsions produced by this 

mixture is less corrosive and show good properties of 

ignition. However, the heating value, water content, 

density, pH value, and ash content did not change, 

indicating that this process needs further research to 

show good improvements in other properties of the 

bio-oil 

Steam reforming is also a possibility to be used in 

the upgrading of bio-oil. Production of hydrogen from 

reforming bio-oil has been investigated showing good 

results in treated bio-oil. Reforming refers to the 

process of conversion of hydrocarbon gases and 

vaporized organic compounds into hydrogen and 

syngas [16]. 

Finally, the last possibility is the direct extraction of 

compounds from bio-oils, allowing for new 

possibilities for the co-products removed from this 

liquid fuel, such as phenols, volatile organic acids, 

nitrogen and n-alkanes [90], [91]. 

 

IV. CONCLUSIONS 
 

  Bio-oil is a product obtained from the pyrolysis of 

biomass that has important energy applications, which 

vary from its direct application in furnaces, boilers and 

turbines, to the production of chemicals of high added 

value. There are 3 types of pyrolysis (slow, fast, flash), 

and the characteristics of the bio-oil produced depends 

on several factors such as the composition of the 

original lignocellulosic material, content of inorganic 

material, characteristic of the raw material, and 

operating conditions.  

To be used directly as a fuel in transportation 

vehicles, a treatment of bio-oil is required, and seven 

types of processes has been considered for this goal: 

hydrotreating, hydro-cracking, supercritical fluids, 

solvent addition, emulsification, steam reforming, and 

extraction. In all of these, research and investment are 

necessary to improve the products obtained, and to 

reduce the costs involved in the process. 

It is observed that there are many studies involving 

pyrolysis and processes of upgrading of bio-oil, 

showing the great importance of thermo-conversion to 

overcome the great need of energy and the need to 

reduce the use of fossil fuels by using a raw material 

of cheap origin, as is biomass. The search for 

renewable energy solutions with the use of biomass 

has increased in recent years, and the need for studies 

is strengthened due to the need to know and improve 

the already established processes. 

In this sense, the present work showed the great 

range of possibilities and the different ways of 

obtaining the bio-oil with the advantages and 

limitations observed in each case. There is still a need 

for research and investments to develop and 

disseminate knowledge and advances in this area, 

since the discovery of bio-oil brings new perspectives 

and new routes to obtain renewable energy for the 

whole world. 
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