
Progress in Agricultural Engineering Sciences 12(2016), 1–23 
DOI: 10.1556/446.12.2016.1 

1786-335X @ 2016 Akadémiai Kiadó, Budapest 

A Review on Thermochemical Treatment of 
Biomass: Pyrolysis of Olive Mill Wastes in 
Comparison with Other Types of Biomass 

 
M. Y. GUIDA1,2*, A. HANNIOUI1 

 
Abstract. Each year, a great quantity of olive oil is produced by the unit mill of tritura-
tion. This activity generates two by-products named olive mill wastewater and olive mill 
solid waste representing major potential waste and environmental problem. However, 
there is growing interest in pyrolysis as a technology to treat wastes to produce valuable 
oil, char and gas products. The major important aim of waste pyrolysis is to produce liq-
uid fuel or bio-oil, which is easy to store, transport and can be an alternative to energy 
source. The key influence on the product yield is the type of biomass feedstock and op-
erating parameters (especially temperature and heating rate). It is important to investi-
gate the effect of variables on response yield and impulse about their optimization. This 
study reviews operating variable from existing literature on olive mill wastes (OMSW 
and OMWW) in comparison with various types of biomass. The major operating varia-
bles include type of feedstock, final temperature of pyrolysis, heating rate and particle 
size. The scale of this paper is to analyse the influence of operating parameters on pro-
duction of pyrolysis bio-oil, char and gaseous products.  
 
Keywords: thermochemical treatment, pyrolysis, olive mill wastes, biomass, bio-oil, 
char, gas 

 
1. Introduction 

 
The olive tree plays a vital and viable role in the economy, ecology and so-
cial life of the Mediterranean countries (Fig. 1). There are more than 8 mil-
lion ha in production, corresponding to approximately 96% of the world ol-
ive cultivation. Morocco is one of the famous Mediterranean countries in 
production of olive oil; the olive growing sector plays a very important role 
in the social scale and economic area. It takes part in fixing populations in 
rural environment while offering more than 15 million work days. With a 
national production which exceeds 750 000 tons of olive oil (Fig. 2), Morocco 
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Fig. 1. Area distribution of international olive trees [4] 
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Fig. 2. Evolution of the production of the olive oil in Morocco [7] 

 
 

occupies the 6th rank after Tunisia, Greece, Turkey, Italy and Spain. Besides 
oil as the principal product, the olive oil industry produces and procreates 
great quantities of wastes that may have a great impact on land and water 
environments because of their high phytotoxicity [1–4].There are two by-
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products: a solid waste called olive mill solid waste (OMSW) and a liquid 
waste named olive mill wastewater (OMWW). The annual quantities of ol-
ive mill solid waste were estimated at more than 180 000 tons, while the ol-
ive mill wastewater represent a volume which exceeds 250 000 m3. Accord-
ing to the estimates; 25 kg of olive leaves are produced by a tree a year. The 
composition of olive mill wastes is not constant (quantitatively and qualita-
tively) and it varies according to the soil and climate conditions of the pro-
duction site, olive cultivar, ripening state of the olives, composition of the 
vegetation water, olive oil extraction process and storage time [5, 6].  

In Morocco, the existence of the traditional mills (Mâasras) (Fig. 3), 
semi-industrial and industrial units is the most dominant characteristic in 
the sector of olive trituration. The produced amount of solid and liquid res-
idues differs according to the technology applied for the extraction of olive 
oil. There are two oil extraction technologies: traditional pressing and the 
centrifugation method (Table 1). Traditional pressing was applied for many 
centuries [7–9]. However, in the last decades three-phase and two phase 
centrifugation processes have been applied by the majority of olive mills. 
Several studies have proven the negative effects of these wastes (olive mill 
solid waste and olive mill wastewater) on soil microbial populations and 
even in air medium. Therefore, there is a need for guidelines to manage 
these wastes through technologies that minimize their environmental im-
pact and lead to a sustainable use of resources [10–15].  
 

Table 1. Matter assessment of olive mill solid waste and olive mill wastewater  

Processes of trituration OMWW OMSW References 

Biphasic 10 Kg 70 Kg with 60–70% of moisture [20, 21] 

Press Triphasic 40 Kg 40 kg with 30–40% of moisture [22] 

Triphasic with centrifugation >100 Kg 55 Kg with 40–50% of moisture [23] 
 
 

R. Loussert et al. and A. Achkari-Begdour [16, 17] suggested solutions 
and alternatives to fight against the pollution of environment by olive mill 
waste. Among the principal ways of valorization, one finds thermochemical 
conversion. The thermochemical treatment of olive mill wastes such as olive 
mill solid waste (OMSW) and olive mill wastewater (OMWW) (which are 
regarded as biomass containing cellulose hemicelluloses and lignin) (Fig. 4) 
to useful end products can occur through one of several ways: pyrolysis, 
gasification, combustion and liquefaction. Pyrolysis is considered to be the 
starting points of all thermochemical conversion technologies (Fig. 5) be- 
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Fig. 3. Characteristic of the processing sector of the olive oil in Morocco [7] 

 
 

 
Fig. 4. Extraction and rejections of olive oil production 
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Fig. 5. Various ways of thermochemical valorization 

 
 

cause it involves all chemical reactions to form liquid, solid and gas as the 
main products with zero concentration of oxygen [16].  

Biomass as a form of energy source maybe utilized in two different 
ways: indirectly by converting it into solid, liquid or gaseous fuels, and di-
rectly by burning the biomass. Various types of wastes such as olive mill 
wastes, waste paper, agricultural waste, etc. are treated as biomass because 
like natural biomass these waste materials also are a mixture of non-organic 
and organic compounds and can be processed to get energy. Biomass is one 
of the most promising sources of alternative energy which can solve the 
problem of energy crisis in the world up to some extent due to its potential 
availability [17, 18]. Besides, the use of biomass can also reduce the problem 
of pollution. It is the only renewable energy source which can be converted 
into three different products: liquid fuel, solid fuel and gaseous fuel. The 
relative amount of each product depends on the properties of the biomass, 
the type of pyrolysis process and operating parameters [19]. Decomposition 
of biomass at medium temperature (400–550 °C) favors the production of 
liquid oils at short residence time. At low temperature, char is a dominant 
product. At higher temperature, gaseous products increase with rising tem-
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perature. According to the literature, the yield of liquid, solid and gaseous 
products can be divided into three temperature ranges: low temperature 
carbonization (≤400 °C) (this review does not include discussion on carbon-
ization), fast pyrolysis (≥500 °C) and slow pyrolysis (low heating rates of bi-
omass) [20–23].  

In this paper, the pyrolysis of biomass and especially olive mill wastes 
in comparison with various types of biomass is reviewed in terms of the 
range of pyrolysis conditions used. The influence of processes parameters 
on the liquid, solid and gaseous yields and composition of the products 
from the pyrolysis of different biomass are discussed. The fuel properties of 
the oils and their detailed chemical composition are discussed. The charac-
teristics of the chars and gas composition are presented in detail.  

 
 

2. Characterization of Olive Mill Wastes 

2.1. Physico-chemical characteristics 

Besides the olive oil which is the principal product, the olive growing activi-
ty produces three other by-products. The two first are solid, the third is liq-
uid. The quantities produced of these by-products depend closely on the 
process applied at trituration. The physico-chemical characteristics of the ol-
ive mill wastewater are rather variables. The edaphic conditions, the ma-
turity of olives, the variety, the climate, the method of culture and the mode 
of oil extraction are the factors which influence the physico-chemical com-
position of olive mill wastewater [24, 25].  

The OMWW is characterized by a turbid aspect with a color which var-
ies from brown to brown-reddish to black. As shown in Table 2, this liquid 
waste is acid (pH from 2.24 to 5.9), has a strong load of saltworks (content of 
potassium salts <<17.10 g/l>> and phosphates), rich in organic matters and 
non-biodegradable polyphenols. Theses effluents are characterized by a 
high conductivity due especially to the ions potassium, chloride, calcium 
and magnesium (about 5 to 12 mS/cm) [25, 26].  

Olive mill solid wastes are solid residues resulting from the first pres-
sure or centrifugation and are constituted of pulps and stone of olives. From 
Table 3, one can say that the olive solid waste is composed of a fraction 
which contains lignin which comes from the fragment of stones and of an-
other fraction rich in celluloses and hemicelluloses and in the least of pro-
teins and residual oil. In general, the composition varies according to the 
varieties of olives tritured and the technique used in extraction [24, 27].  
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Table 2. Physicochemical composition of OMWW 

Parameters OMWW References 

PH 2.24–5.9 [25, 26, 27] 

Conductivity (S/m) 5.5–10 [28, 27,29] 

Total carbon organic (g/L) 20.19–39.8 [30, 31] 

BOD (g/L) 35–132 [32, 33] 

COD (g/L) 30–320 [34, 32] 

Organic matter (%) 57.2–62.1 [26, 35] 

Phénols (%) 0.63–5.45 [36, 37] 

Dry matter 6.33–7.19 [38, 29] 

P (%) 0.19 [37] 

K(%) 0.44–5.24 [27, 28] 

Mg (%) 0.11–0.18 [31, 27] 
 
 

Table 3. Characteristics and chemical composition of OMSW 

Parameters  OMSW References 

Moisture 7.3–7.4 [40, 41] 

Volatile matter 66.6–74.8 [40, 41] 

Ash 2.16–5.1 [40, 41] 

Carbon fix 12.8–23.85 [40, 41] 

Hemicellulose 15.91–44 [42, 44] 

Cellulose 34.90–47.6 [43, 42] 

Lignin 45–48.4 [44, 45] 
 
 

2.2. Microbiological characteristics 
 

From microbiological point of view, one can say that there is an absence of 
pathogenic microorganisms in the effluent liquid (OMWW) from olive 
growing activities. This does not pose any problem from health perspective, 



M. Y. Guida, A. Hannioui 8

except for some yeasts and moulds which are able to develop [28]. The 
brown pigments or catecholmelaninic and the action exerted by phenols 
monomeric act on the antimicrobic power of the effluents of olive oil mill. 
The latter act on the bacteria by denaturing cellular proteins and by damag-
ing the membranes [29]. These effluents can also inhibit the activity of the 
symbiotic bacteria which fixes nitrogen by inhibiting the activity of the di-
gestive enzymes and/or by precipitating nutritional proteins.  

 
 

3. Thermochemical Technologies 
 

The most important thermochemical methods of converting biomass are: 
pyrolysis, liquefaction, combustion and gasification, as shown in Figure 6. 
Each method is different and employs different equipment and gives a dif-
ferent variety of product. Figure 6 presents some product from biomass 
conversion technology [28–31].  
 

 
Fig. 6. Products resulting from various conversion technologies 
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3.1. Pyrolysis and its products 
 

Pyrolysis is a thermochemical decomposition process in which organic ma-
terial such as biomass (olive mil wastes, sunflower bagasse, nut shell, etc.) is 
renewed into a volatile matter and carbon rich solid by heating in the ab-
sence of oxygen (oxidizing agent) [24, 25]. The volatile matter of this process 
is partly condensed to a mixture of condensable and non-condensable gases. 
The first is liquid fraction named bio-oil or tar, the solid product issue from 
this process is called bio-char or char and is generally composed of carbon 
(high content of carbon), the liquid product called bio-oil is the most im-
portant product, is used and stored for energy production [21, 32, 33]. 

The process of pyrolysis is very complex, to comprehend it requires a 
quite complete and thorough study. The most accepted theory is that pri-
mary vapors are first produced, the characteristics of which are most influ-
enced by temperature and heating rate [34]. Yields of liquid products 
known as bio-oil issue from pyrolysis can consequently be influenced by the 
rate of reaction, with flash or fast pyrolysis at low temperatures of typically 
450–600 °C giving the highest liquid yields and increasingly high final tem-
peratures giving gradually higher gas yields and lower liquid yields [35]. 

It is very important to distinguish between primary products or oils, 
and secondary products or tars, and to understand the difference in proper-
ties between slow pyrolysis products or secondary oils or tars and flash py-
rolysis liquids or primary oils [33, 35]. These latter have a tendency to have 
a lower viscosity, be more stable under ambient conditions, more homoge-
nous and less sensitive to water contamination due to great miscibility with 
water. This liquid product is characterized by a high oxygenated hydrocar-
bon with an appreciable proportion of water from both the reaction product 
and the original feed moisture.  

At the same time, solid char may also be present [32]. These properties 
make it relatively unstable in both physical and chemical terms and may 
cause problems in utilization and upgrading. The production of char or 
charcoal is obtained when the conditions of pyrolysis are optimized; this oc-
curs in slow pyrolysis with reaction times of hours or days. At the very high 
heating rates encountered in flash and fast pyrolysis very low char yields 
result, and they have been reported as yielding zero under some process 
conditions. The low char yield from flash pyrolysis could be integrated into 
the bio-oil to give a higher yield of liquid fuel [36–39]. 

The gaseous product yield from pyrolysis is usually a lower heating 
value fuel gas of around 4–9 MJ/Nm3, or a higher calorific value fuel gas of 
about 14–22 MJ/Nm3 [24, 37]. The heating value is enhanced if the gas is 
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used warm, due to the sensible heat and the comparatively high tar content. 
The gas may be used for process heating, exported for sale, feed drying or 
power generation.  

 
3.2. Pyrolysis process parameters 

 
In pyrolysis, the reaction conditions are very important. Bio-oil, char and 
gas production through pyrolysis are influenced by the process parameters 
like type of feedstock, final temperature, heating rate, particle size and 
many more [39]. Hereinafter we discuss some of these important process 
parameters:  

 
3.2.1. Type of feedstock 

 
The chemical structure and major organic components in olive mill wastes 
and various types of biomass are enormously important in the development 
of processes for producing derived chemicals and fuels [40–42]. The major 
organic components can be classified as hemicellulose, cellulose and lignin, 
with other components such as extractives and minerals. Hemicelluloses are 
complex polysaccharides, are soluble in dilute alkali and consist of 
branched structures, which differ considerably among the various biomass 
types. Cellulose is insoluble in water, forms the skeletal structure of most 
terrestrial biomass, while lignins are highly branched, substituted, mononu-
clear aromatic polymers in the cell walls of certain biomass [39, 43]. At py-
rolysis process, the main biomasses such as olive mill solid waste, olive mill 
wastewater, nut shell, sugar cane bagasse and other types of biomass, com-
ponents contribute to product yields mainly as follows: hemicelluloses and 
cellulose components provide the volatile pyrolysis products, while the lig-
nin predominantly forms a charred residue [24, 26]. 

J. Jauhiainen et al., A. Demerbas, A. Chouchene et al., F. Ros et al., A. 
Morisot, M. Mebirouk, I. Fki, I. Kapellakis et al., Y. Yacoub [44–54] were 
working on the pyrolysis of several agricultural types of biomass (Fig. 7), 
these researches showed that condensable and non-condensable gas yields 
and char differ from one kind of biomass to another. Besides, the nature and 
composition of biomass have a remarkable effect on the oil yield and their 
compositions. V. Minkova et al. [72], worked on the pyrolysis of various 
types of biomass (olive waste, straw, misk, birch, bagasse) under identical 
conditions (final temperature: 750 °C, time of treatment at this temperature: 
2h); they showed that the yields of pyrolysis products (char, bio-oil, 
gas+losses) are different. Minerals and extractives have an influence on 
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product yields, in particular they contribute to the formation of char, and 
have a catalytic effect on pyrolysis reaction leading to increased char yields. 
Ilknur Demiral et al. [74] studied the effect of catalysts on the pyrolysis of 
olive wastes in comparison with hazelnut bagasse, and they showed that 
catalysts influence product yields of pyrolysis, while decreasing the yield of 
bio-oil, increasing the yield of char and influencing the composition of bio-
oils and bio-char. They showed that bio-oil yields decreased as the catalyst 
ratio increased, the bio-oil yield from olive bagasse, which was 37.68% 
without catalyst, reached the value of 36.67%, the bio-oil yield decreased to 
about 2.68%. Goergios Taralas et al. [68] studied the pyrolysis of olive resi-
due under nitrogen atmosphere; they made a comparison between non-
catalyst and catalyst pyrolysis and they showed that there is a great differ-
ence between pyrolysis with catalysts and pyrolysis without catalysts.  

 

 
Fig. 7. Yield product obtained in pyrolysis of the selected raw materials in nitrogen [72] 

 
 

3.2.2. Particle size 
 

Particle size is one of the most important factors which should be taken care 
of in the pyrolysis process (Table 4); it has a considerable effect on the heat 
and mass transfer phenomena of pyrolysis. On increasing the particle size, 
the distance between the surface of the input biomass and its core increases 
which retards the rapid heat flow from the hot to cold end. Influence of size 
particles is considered important on the yield and properties of liquid oil 
produced [47–49]. Understanding the effect of particle size on pyrolysis 
process products yields may lend a hand to optimizing residence times. 
Several researches [24–28] concluded that the increasing particle size causes 
reduction in the liquid yields because secondary reactions activities leading 
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to increases in gas yields and unpredicted higher yield of liquids with larger 
biomass particles are possibly due to differences in the types of biomass 
used during pyrolysis [40]. 

 
Table 4. Yield of products obtained at different particle sizes of various biomasses [67] 

Biomass Olive waste Straw Wood 

Particle size (mm) 0.5–0.8 0.5–1.0 0.5–0.8 

Temperature (°C) 800 800 800 

Bio-oil yield (wt%) 1.1 0.9 1.1 

Char yield (wt%) 20.0 13.2 5.8 

Gas yield (wt%) 61.0 75.8 81.1 

Water and losses 17.9 10.1 12.0 

 
 

Ayhan Demirbas [73] studied the effect of particle size on bio-char yield 
from pyrolysis of agricultural residues such as olive husk in comparison 
with corncob and tea waste. He showed that the bio-char yield increased 
with growing particle size of the samples, whereas, at a high temperature 
with small particles the bio-char yield decreased. He showed that the de-
crease for olive husk was 56.4% (from 44.5 to 19.4% wt) for particle size be-
tween 1.5 and 2.2 mm when the temperature was increased from 450 to 1250 
K (170 to 900 °C), in comparison, the decrease for the corncob was 81.4% ( 
from 30.6 to 5.7% wt) at the same conditions. Zanzi. R et al. [67] studied the 
pyrolysis of olive waste and straw in comparison with wood at high tem-
perature (800-1000 °C). They used different particle size (0.5-0.8 mm for ol-
ive waste and 0.5-1.0 mm for straw) and they noticed that this parameter 
had an influence on char, bio-oil and gas yields and on surface area and the 
composition of bio-char. A. Morisot, M. Mebirouk, I. Fki, I. Kappellakis and 
Y. Yacoub [50–54] recommended and reported that medium particle size 
yielded maximum liquid compared to smaller and larger feed sizes. A. 
Pûtun et al. [69] have established the effect of particle size on the pyrolysis 
yields, they showed that particle size (Dp) ranges between 0.425 and 0.85 
mm give better yields than particle size between 0.85 and 1.8 mm, Dp<0.425 
mm and Dp>1.8 mm.  
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3.2.3. Heating rate 
 

Heating rate is the most important parameter after temperature and several 
researchers showed the influence of this parameter on products yields from 
pyrolysis of various types of biomass (Fig. 8). At low heating rate the possi-
bility of secondary pyrolysis reactions can be ruled out. Low heating rate al-
so ensures that no thermal cracking of biomass takes place resulting in more 
biochar yield [55–60]. Concerning high heating rate, it backs the fragmenta-
tion of biomass and increases the gaseous and liquid yield, limiting the pos-
sibility of formation of the biochar. It is likely to enhance the depolymerisa-
tion of biomass into primary volatile components which in the end retard 
the char yield [61–65]. At high heating rate the secondary pyrolysis domi-
nates and these secondary reactions aid the formation of gaseous products. 
The effect of heating rate on biochar, liquid and gaseous products yields is 
more noticeable. Sensoz et al. [71] reported that bio-oil pyrolysis yields of 
olive bagasse decrease with the increase of heating rate. They showed that 
at 10 °C/min, the maximum yield of bio-oil was 34.4%, while at 50 °C/min 
it was 31.8%. Concerning the gaseous product, they showed  
 

 
Fig. 8. Bio-oil and gas yields of olive bagasse at various heating rates and  

temperature [71] 
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that increasing the heating rate from 10 to 50 °C/min results in the increase 
of gas yield and in the decrease of char yield products. Several works 
showed and reported a synergetic effect of heating rates on liquid oil yield. 
Debdoubi et al. [81] work on pyrolysis of esparto biomass at different heat-
ing rates for temperature range of 400–700 °C. They found that optimum 
temperature for heating rate of 50 °C/min and 150 °C/min was 500 °C 
yielding 45% and 57% liquid oil. However, for 250 °C/min, the maximum 
oil yield was shifted to 550 °C.  

 
3.2.4. Temperature 

 
During pyrolysis, temperature is the most important factor with heating 
rates (Figs 8 and 11). The fundamental role of temperature is to afford nec-
essary heat of decomposition to fragment biomass linkages. At relatively 
lower temperature, between 65 and 180 °C, biomass loses its moisture, gen-
erates non-combustible gases like CO2 and undergoes depolymerisation re-
actions involving no significant carbohydrate loss [66–71]. Chemical bonds 
preconditioned in the main constituents of biomass sample begin to break at 
temperatures higher than approximately 200 °C. Breakdown of hemicellu-
lose, which is a less thermally stable constituent (Figs 9 and 10), takes place 
at lower temperatures up to 300 °C forming gases like carbon monoxide [24, 
71–74]. At temperature between 350 and 500 °C cellulose breakdowns and 
lignin starts to decompose resulting in charcoal, water and heavier tars. At 
higher temperature, gasification reactions take place forming hydrogen en-
riched gaseous products and char undergoes further degradation by being 
oxidized into CO2, CO and H2O. According to these reactions it can be said 
that relatively low pyrolysis temperature around 400 °C favors char for-
mation. Temperature up to 550 °C maximizes the production of bio-oils and 
temperature above 700 °C maximizes gaseous products while minimizing 
char formation [81].  

Numerous works and experimental studies [75–85], have discussed the 
role of temperature on liquid oil, char and gas yields. These works show 
that biomass conversion efficiency increases with increase in temperature, 
which is mainly due to extra energy inputs available to break the biomass 
bonds. In experiments, biomass conversion is often measured indirectly by 
subtracting mass of char residue from initial biomass sample. Figures 9 and 
10 show the weight loss (TG) behavior of olive mill solid waste and olive 
mill wastewater. Mass conversion of olive wastes (OMSW and OMWW) to 
its fragments usually occurs in the temperature range of 250–450 °C which 
accounts for almost 70–80% of total conversion. However, lignin decompos-
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es over a wide temperature range unlike hemicellulose and cellulose. Sever-
al authors noted that biomass conversion is sequentially dependent upon 
temperature increase [50, 86].  

 

 
Fig. 9. DTG and TG of olive mill wastewater [95] 

 

 
Fig. 10. DTG and TG of olive mill solid waste [41] 
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Fig. 11. Pyrolysis of olive residue at different temperature, product yields [69] 

 
 

Final pyrolysis temperature affects oil, char and gas yields. In general, 
the bio-oil yield reaches a maximum in temperature range 400–550 °C be-
fore moving down the hill with further increase in temperature [87–89]. One 
can say that the variations in final temperature that give the maximum oil 
yield are due to the operational differences and to the biomass type. Ayse E. 
Pûtun et al. [92] worked on pyrolysis of olive residue under different condi-
tions (Fig. 11), and they found that yield of conversion increased from 67.6% 
to 72.5% while the final temperature was increased from 400 °C to 700 °C. 
The oil yield was 28.7% at the pyrolysis temperature of 400 °C and it ap-
peared to go through a maximum of 32.7% at the final temperature of 500 
°C, then the oil yield decreased at 700 °C. They showed that a low pyrolysis 
temperature favors char formation. Sergi Sensoz et al. [71] studied pyrolyse 
olive bagasse and the effects of pyrolysis temperature on the yield of the 
products, and they showed that the conversion yield increased from 61.9% 
to 69.4% when the pyrolysis temperature was increased from 350 °C to 550 
°C. The bio-oil yield went through a maximum (34.4%) at the final tempera-
ture of 500 °C. The gas product yield increased with pyrolysis temperature, 
the gas obtained was found to be a minimum 9% at 350 °C and maximum 
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14% at 550 °C. The increase in gas products is thought to occur predomi-
nantly due to secondary cracking of the pyrolysis vapors at higher tempera-
tures. However, secondary decomposition of the char at higher tempera-
tures may also give non-condensable gas products. Several researchers [87–
95] made experiments on pyrolysis of several types of biomass (rice husk, 
beech trunkbarks, nut shell), and they showed that thermal behavior and 
yields of products differed from one type to another. A. Demirbas [87] 
worked on pyrolysis of four nut shells (hazelnut, walnut, almond and sun-
flower), he showed that at elevated temperatures, the amount of char from 
pyrolysis of the shells decreases, the char yields at 500 K were 42.7, 36.3, 
44.6 and 31% for hazelnut shell, almond shell, walnut shell and sunflower 
shell, respectively. The yields of liquid from the shell samples generally in-
creased with the increase of temperature from 500 to 700 K for almond and 
sunflower shells and from 500 to 800 K for hazelnut and walnut shells and 
then decreased with further increasing the temperature. Concerning the 
yields of gaseous products, they generally increased from 650 to 1200 K and 
gases identified during the pyrolysis of shells ware H2, CO, CO2, CH4 and 
some low molecular weight hydrocarbons.  

The liquid product composition varies remarkably due to temperature 
variations [96]. It is known that pyrolysis oils are complex mixtures of or-
ganic compounds from different chemical groups. BinhM et al., Muzaffer Y 
et al., T. Aysu et al. [97–99] classified organic groups found in pyrolysis oils: 
(1) aliphatic and aromatic nitrile; (2) long chain aliphatic amides and ster-
oids; (3) L-alkenes and n-alkanes; (4) carboxylic acid; (5) monoaromatic hy-
drocarbons; (6) aromatic compounds; (7) polycyclic aromatic hydrocarbons. 
As the final temperature of pyrolysis increases, the functional group con-
taining compounds experience secondary cracking thus producing more 
stable species [86, 90]. 

 

4. Conclusion 
 

This paper reviews the thermochemical treatment of biomass especially bi-
omass issue from olive oil production named olive mill wastes and some 
types of biomass. Olive oil production is a major agro-industry on an inter-
national scale and generates two by-products called olive mill solid waste 
and olive mill wastewater, which are regarded as wastes biomasses and 
have a negative impact on the environment and people’s health. Several au-
thors suggested solutions and alternatives to fight against the pollution of 
the environment by olive mill wastes and generally by agricultural biomass. 
Among the principal ways of valorization, one finds thermochemical con-
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version. Pyrolysis is a new thermochemical process and is considered to be 
the starting point for all thermochemical conversion technologies because it 
involves all chemical reactions to form liquid, solid and gas as the main 
products. 

Bio-oil, char and gas production gets affected by the composition of bi-
omass. Cellulose content in the biomass helps in the formation of tar while 
lignin content is favorable for char production. Minerals and extractives 
impact on the yields and compositions of products. Process parameters in-
fluence the product yield remarkably in pyrolysis. Among many process 
parameters temperature is the main parameter which controls the bio-oil, 
char and gas yields and their qualities. Temperature between 450 °C and 
500 °C depending upon the nature and type of biomass suite the bio-oils 
production the most. High temperature leads to high liquid and gaseous 
yields and low biochar yield. Particle size, type of feedstock, heating rate 
and especially temperature are the main factors affecting the bio-oil, char 
and gas yields. 
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