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Abstract 
In this work, the potential for energy production in Jordan was explored us-
ing four distinct types of biomass samples (olive cakes, woods). The proxi-
mate analysis, oil content, and higher heating value were all determined ex-
perimentally and compared to other biomass previously published in the lit-
erature. The findings appear to be similar to other biomass materials utilized 
as solid biofuel feed-stock materials. Olive cake and wood samples have lower 
calorific values than anthracite coal, ranging from 25% to 40% lower. Accord-
ing to the results of this study, olive cake samples had the highest oil extrac-
tive content (14.5 wt%), followed by pine and beech woody samples with 8.9 
wt% and 3.1 wt%, respectively. The calorific values of the biomass samples 
tested ranged from 18 to 22 MJ/kg, making them suitable for use as fuel. More- 
over, the high volatile matter content (78% to 93%) was appropriate for chemi-
cal energy conversion by gasification or combustion process. Jordan can create 
roughly 8000 tons of pomace oil per year from the waste solid olive cake, based 
on existing results. Furthermore, the olive cake’s energy potential in Jordan is 
estimated to be 38 MW based on the higher heating value of the tested sam-
ples and the annual quantity of this resource. In the meantime, due to lim-
ited annual production, Jordanian firewood has the modest energy potential 
(2.4 MW). 
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1. Introduction 

Biomass is biologically obtained from living, or recently living organisms and is 
the world’s fourth-largest source of energy. Biomass, whether woody or non- 
woody, is a sustainable source of energy that has been used since humans dis-
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covered how to use wood to make fires and, more recently, as a fuel for power 
plants [1]. Although Jordan could have great chances to utilize biomass obtained 
from crop residues, industry, and homes, its agricultural biomass has poor energy 
potential due to the country’s arid climate [2]. Jordan’s biofuel and waste supply 
have expanded fast, from 7 ktoe in 2014 to 99 ktoe in 2018, according to data from 
the International Energy Agency (IEA) [3]. Because of the high quality and demand, 
Jordan’s government has initiated numerous agricultural projects to enhance the 
proportion of olive trees (10.5 million trees), particularly in the previous three dec-
ades [4]. As a result, Jordan became the tenth-largest producer of olive oil in the 
world, selling to Saudi Arabia, Oman, Japan, and the United States [4]. Forest land 
area was predicted to be 1.3 million Dunum (1.3 × 109 m2) at the end of 2018, acc- 
ounting for about 1.5 percent of Jordan’s total area [5]. 

In Jordan, olive oil is produced by pressing or squeezing olive fruits, yielding 
20,000 to 30,000 tons of olive oil and 50,000 to 60,000 tons of solid debris known 
as olive cake or olive pomace [6]. Olive pomace is made up of the pulp bulk, ol-
ive skin, and pit, and contains about 5% - 8% residual oil and trace of moisture. 
This waste material has a high calorific value, making it suitable for both space 
heating and the creation of domestic coal solid materials. Furthermore, the olive 
cake can be used for a variety of local uses, including animal feed, activated car-
bon synthesis, plant fertilizer, and compost manufacture [7] [8] [9] [10]. 

Olive cake and woody or non-woody biomass can be blended with oil shale 
(large reserve exceeds 70 billion tons [11]) and burned directly in a fluidized bed 
system to generate energy in Jordan. Co-firing or mixing two fuels improves com- 
bustion behavior while also increasing net calorific value, resulting in optimal op-
erating conditions and long-term burning [12]. Khraisha et al. [13] investigated 
the direct combustion of olive cake in a lab-scale fluidized bed combustor (bub-
bling bed) and discovered that the fluidized bed approach is an excellent way to 
convert olive cake into a usable heat product that can be used to generate electricity 
at low temperatures. Finally, Jordanian forest firewood production remains quite 
low, at around 4210 tons per year [14]. The majority of this output went into resi-
dential heating or synthetic coal manufacture. 

Several researchers have used proximate analysis (ash content, moisture con-
tent, volatile matter, and fixed carbon), the combustion bomb calorimeter (de-
termining heating value), and the Soxhlet extraction technique (determining oil 
content) to characterize biomass materials and assess their energy potential [15] 
[16] [17] [18] [19]. As a result, a good assessment of these properties improves 
the design and analysis of biomass units, as well as the overall plant efficiency. 
On the other hand, a variety of studies have demonstrated that proximate and 
ultimate experimental data can be correlated to produce the high heating value 
(HHV) with little variance from actual results [20] [21]. Using proximate ex-
perimental data, Özyuğuran and Yaman [22] developed a number of correla-
tions for determining high heating values. They found that satisfactory predic-
tions could be obtained when the calorific value of biomass is greater than 20 
MJ/kg. 
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The goal of this study is to determine the oil content, calorific heat value, mois-
ture content, volatile matter, ash, and fixed carbon of olive cake and woody bio- 
mass. Some correlations given by researchers were used for the calculation of heat-
ing values along with actual experimental data. Furthermore, the qualities of ol-
ive cake and the properties of wood samples are directly compared in this work. 
Finally, the results are compared to earlier studies and used to determine the po-
tential of olive cake and woody biomass as an energy source in Jordan. 

2. Materials and Methods 
2.1. Materials 

Olive oil solid wastes were collected from two Jordanian olive oil mills, one in 
the north (the Yarmouk district) and the other in the central area (called the Jiza 
district). The olive cake’s solid materials were air-dried at room temperature and 
stored in plastic bags for future experiments. The other two woody biomass sam-
ples were from the Engineering Faculty Workshop of woods at the University of 
Jordan and came from “pine” and “beech” woods. The samples were stored in poly-
ethylene bags and preserved in desiccators. 

2.2. Sample Preparation 

The air-dried olive cake samples were crushed to a particle size of less than 250 
μm and stored in desiccators to prevent further air contact. The wood samples 
were obtained as fine particles from the sawmilling machines. Figure 1 shows a 
schematic diagram for the experimental work. 

2.3. Soxhlet Extraction 

Using the Soxhlet extraction apparatus, olive cake and wood samples were first 
treated to an extraction method. Hexane was used in the extraction process. The  

 

 
Figure 1. Schematic diagram for the experimental work. 

https://doi.org/10.4236/jpee.2022.102001


Y. H. Khraisha 
 

 

DOI: 10.4236/jpee.2022.102001 4 Journal of Power and Energy Engineering 
 

goal of this step is to figure out how much oil is in each sample. The amount of 
olive oil extracted from solid residues is affected by the nature of the olive fruit 
and the pressing machine conditions. 

2.4. Proximate Analysis 

All of the samples under investigation were subjected to proximate analysis be-
fore and after solvent extraction. To establish the characteristics of the biomass 
materials, the following tests (ASTM tests) were used: 

1) Moisture content (ASTM D-3173): This test is used to define the total mass 
of moisture content in a biomass sample. This content was obtained by heating a 
known sample weight in an oven at 105˚C without burning till constant weight. 
The difference between the initial and final weights represents the quantity of the 
moisture content in the sample; 

2) Volatile matter (ASTM D-3175): This measurement is used to find the per-
centage of gaseous content in the sample by heating a dried sample in a covered 
crucible in a muffle furnace at 950˚C ± 20˚C for 7 minutes. After cooling the cru-
cible to ambient temperature and reweighing it again, the loss of the weight is re-
ported as the volatile matter; 

3) Ash content (ASTM D-3174): This measurement is used to obtain the contents 
of ash and inorganic residues after the hydrocarbons in the sample are burnt at 
750˚C ± 50˚C for one-half hour; 

4) Fixed carbon: The fixed carbon content is calculated by applying the mass 
balance for the biomass sample. 

2.5. Heat Content 

Bomb calorimeter (Parr 6400 calorimeter) was used to measure the heat of com-
bustion of the different samples. This technique is based on burning a known quan-
tity of solid fuel at standard conditions and the released heat is absorbed by a 
known amount of water, mw. The initial and final temperatures of water or the water 
temperature rise, ΔT, allow obtaining the heat content, Qc, of the tested samples 
( c w wQ m C T= ∆ ; where Cw is the water-specific heat). The result of the heat con-
tent, Qc, was eventually corrected due to the heat capacity of the bomb calorim-
eter material and the fuse wire. 

3. Results and Discussion 
3.1. Olive Cake Oil (Pomace Oil) and Wood Oil 

Figure 2 shows the percentage of oil content measured by the Soxhlet extraction 
unit for olive cake and wood samples. Olive cake samples have a higher per-
centage of oil content (14% - 15%) than wood samples, according to this figure. 
The extracted oil quantity in pine and beech wood samples is about 8.9 and 3.14 
wt%, respectively. Because beech is a hard and dense wood, it yields low oil con-
tent when compared to pine or olive cake materials. In other words, softwoods 
like pine have more extractives than hardwoods [23]. The presence of oil in olive 
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Figure 2. Oil content evaluated by Soxhlet extraction unit. 

 
cake residue after milling extraction is influenced by a number of factors. The 
type and age of olive trees, the climate and weather variations, the kind of press-
ing machines or mills, and the operating conditions of the olive oil extraction pro-
cess (traditional, 2- or 3-phase decanter process) are all factors to consider. The 
extracted oil from the Jiza mill’s olive cake was slightly higher than that obtained 
from the Yarmouk mill’s cake in this study. The Soxhlet extraction unit’s results, 
on the other hand, were found to be consistent with those reported by Banat et 
al. [18] and Al-toom et al. [19]. 

Pomace oil, like other olive oils, can be used for direct human consumption 
(rich in monounsaturated compounds and oleanolic acid), cooking (low boil-
ing point), and a variety of chemical industrial uses. The liquid product made 
from the wood samples, on the other hand, is thought to be useful for liquid 
fuels or valuable chemical compounds. Jordan, however, can produce roughly 8000 
tons of pomace oil per year from waste solid olive cake, based on current re-
sults. 

3.2. Proximate Analysis 

Proximate analysis is a technique for characterizing biomass materials that in-
volves determining moisture content, volatile matter, ash, and fixed carbon. The 
findings of the proximate analysis of the four tested substances before and after 
solvent extraction are shown in Figure 3 and Figure 4. Before solvent extrac-
tion, the moisture content of the examined olive cakes ranges from 2.81 to 3.75 
percent, while the moisture content of wood samples ranges from 6.34 to 7.1 
percent. However, after oil extraction, moisture content in olive cakes is changed 
to a little bit higher (6.39 - 6.85 percent), whereas it is minimally changed in saw-
dust wood samples (6.38 - 8.2 percent). Voća et al. [16], Chouchene et al. [24], 
García et al. [25], Joshua et al. [26] analyzed into various types of biomass waste  
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Figure 3. Proximate analysis before sample extraction (as received). 

 

 
Figure 4. Proximate analysis after sample extraction (as received). 

 
materials and found that moisture content was less than 10%, which is acceptable 
for biomass combustion. Before and after oil extraction, the ash percentage of 
olive cake and wood samples ranged from 3.41 - 5.79 percent and 0.20 - 0.39 
percent, respectively. As expected, removing oil from samples raises the ash con-
centration in proportion to the amount of oil removed. In general, these percent-
ages are less than 6%, indicating that these biomass products are appropriate for 
direct burning or briquetting. However, ash is an unwanted component since it 
generates environmental and health issues, as well as the need for specialized ash 
treatment equipment. Furthermore, high ash concentration in biomass waste ma-
terials reduces the calorific value of fuels and combustor system performance [27]. 
In general, the ash content results are similar to those reported by Voća et al. [16] 
and Demirbas and Ilten [17] for plum stone and olive residues. 

The volatile chemicals generated when organic species are exposed to high- 
temperature levels of around 950˚C are another important property of proximate 
analysis that has a substantial impact on the energy value of biomass material. 
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Light hydrocarbons, CO, CO2, H2, moisture, and tars are among the gases emit-
ted, all of which are significant in gasification and combustion processes. In this 
study, the volatile matter concentration of olive cakes ranged from 78 to 90 per-
cent, while that of wood samples ranged from 84 to 93 percent. Once again, re-
moving residual oil from samples lowers the volatile substance levels (see Figure 
3 and Figure 4). Volatile matter is plentiful in biomass waste materials, with val-
ues ranging from 75% to 90% depending on the raw material [28]. The low ash 
content and high volatile matter of the olive cake and wood samples indicate that 
the examined samples are appropriate for use as feedstock for bio-oil produc-
tion. 

Finally, the fixed carbon content of olive cakes ranged from 2.75% to 10%, 
while wood samples had a fixed carbon content of 0.2% to 7%. Fixed carbon lev-
els for biomass material, according to Yao et al. [29], range from 7% to 20%. The 
increase in carbon content could assist enhance the amount of energy used to 
make briquettes in terms of calorific value. Char generation via pyrolysis is fa-
vored by larger carbon content, and char burns as a solid material in combustion 
processes. 

3.3. Higher Heating Value (HHV) 

Finding the HHV for any biomass fuel is regarded a necessary step in evaluating 
its energy value and understanding its behavior during combustion and fire 
propagation. Figure 5 and Figure 6 depict the gross calorific values (HHV) of 
the examined biomass as received and dry-ash free bases, respectively, before 
and after solvent oil extraction. Before oil extraction, the calorific values of the 
investigated biomass samples show little change, with mean values of 22,046 and 
17,755 kJ/kg for olive cake and wood samples, respectively, whereas following 
extraction, the mean values drop to 17,992 and 17,364 kJ/kg, on an as-received  

 

 
Figure 5. Calorific values before and after solvent extraction (as received). 
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basis. Clearly, removing oil from wood samples has no noticeable effect on HHV 
(Figure 5). However, because it has higher heating values based on a dry-ash free 
basis, Figure 6 provides a good comparison between different biomass samples. The 
calorific values ranged from 18,831 to 24,042 kJ/kg, in general. 

The calorific values, given by several authors, are summarized in Table 1 [15] 
 

 
Figure 6. Calorific values before and after solvent extraction (dry-ash-free base). 

 
Table 1. Comparison between calorific values of this work and published data. 

Material Calorific value kJ/kg Reference 

Olive pomace 

 

Olive cake 

Sawdust briquettete 

Wood fuel 

Woody biomass 

Oil shale (Jordan) 

Sultani field 

Lajjun field 

Coal 

Lignite 

Anthracite 

This work 

Olive cake 

 

Wood samples 

 

17,086 - 23,418 

22,500 

19,810 

19,710 

21,200 

17,997 - 19,366 

 

5444 

8676 

 

19,000 

30,000 

 

17,869; 18,115 (after)a 

21,901; 22,191(before)a 

17,136; 17,592 (after)a 

17,582; 17,927 (before)a 

[15] 

[30] 

[31] 

[32] 

[32] 

[33] 

 

[34] 

[34] 

 

[35] 

[35] 

 

 

 

 

 

aExtraction. 
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[30]-[35]. The higher heating values for olive cake samples are fallen within the 
same range as the values obtained by several investigators as shown in Table 1. 
Moreover, the woody biomass samples show close calorific values as those given 
by Yang, H. et al. [32] and Álvarez-Álvarez, P. et al. [33]. In general, we can say 
that the olive cake samples behave similarly to woody biomass samples except that 
the presence of oil (before extraction) increases slightly their heating values. It is 
worth noting that the samples show HHV values of about 3 - 4 times higher than 
those of the Jordanian oil shales [34]. This finding will enhance the co-firing tech-
nique to be utilized in electrical production from oil shale and woody biomass 
materials. Finally, for comparison, calorific values of olive cake and wood sam-
ples were approximately 25% - 40% lower than those of anthracite coal material 
[35]. 

3.4. Prediction of HHV from the Proximate Analysis 

The calorific values were calculated using the following equations developed by 
Ayşe Özyuğuran and Serdar Yaman [22]: Equations (1) and (2). 

( )HHV 44336 286FC 2394700 VM= + −               (1) 

HHV 17507 398.5VM 287.5FC= − + +                (2) 

where HHV is the higher heating value in kJ/kg, FC is the fixed carbon weight 
percentage, and VM is the volatile matter percentage. 

Based on moisture-free proximate values, these equations were developed by 
analyzing twenty-seven different biomass sources. These two equations were 
chosen from a list of empirical equations because they produced adequate re-
sults. Figure 7 and Figure 8 describe the relationship between experimental and 
expected HHVs based on Equations (1) and (2) and experimental proximate  

 

 
Figure 7. Relation between experimental and predicted HHV values according to Equation (1). 
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Figure 8. Relation between experimental and predicted HHV values according to Equation (2). 

 
data. The findings show that the prediction of HHVs is quite good, with a high r2 
coefficient of 0.908 - 0.966. As a result, without producing a major inaccuracy, 
these equations can be utilized to estimate the HHVs for olive cake and wood 
wastes from proximate analysis data. 

3.5. Energy Potential of Olive Cake and Firewood in Jordan 

The energy potential of the olive cake in Jordan has been evaluated at 1.213 × 109 
MJ, which is equivalent to 38 MW, based on the average higher heating value 
presented in Table 1 (22.046 MJ/kg) and the yearly output of this source (55,000 
tons). Jordan’s government hopes to create 30 - 50 MW from biomass materials 
[36]. As a result, the olive cake biomass under investigation can help achieve this 
goal. However, because annual production is modest (4210 tons), Jordanian fire-
wood has a low energy potential of roughly 2.4 MW (based on 17.755 MJ/kg). 

4. Conclusion 

Olive cake, pine and beech woody samples were analyzed using Soxhlet extrac-
tion unit, bomb calorimeter and proximate analysis in order to elucidate their cha- 
racteristics as fuels. The results of oil extraction revealed that wood samples ob-
tained from pine contain more oil than ones obtained from beech, whereas, olive 
cake samples gave the highest oil yield of about 14.5 wt%. Proximate analysis sh- 
owed a high amount of volatile matter (87%) and low ash content (less than 6%), 
which indicated the suitability of these materials for use as feedstock for bio-oil 
and fuel gas production. The heating values obtained for biomass samples were 
in the range of 18 - 22 MJ/kg, which were adequate to be used as fuel or in com-
bination with other fuels. The removal of oil from the tested biomass samples sh- 
owed small variation in the calorific values. Furthermore, it was possible to obtain 
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satisfactory HHV predictions using empirical correlations based on dry-basis pro- 
ximate analysis. Finally, based on the higher heating value and quantity of olive 
cake, the energy potential of this resource in Jordan has been calculated at 1.213 
× 109 MJ, which is equivalent to 38 MW. However, since Jordan has a large quan-
tity of oil shale (more than 70 billion tons), co-combustion of this source with 
the biomass investigated (olive solid residues and woody materials) could be a 
promising answer to Jordan’s energy challenges. Moreover, according to Soxhlet 
extraction experiments, the Jordanian olive cake can produce approximately 8000 
tons of pomace oil. 
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