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Species Arar (Phoenicea juniperus L.) as a biomass source – A case 
study
Anamarija Peter a, Nikola Bilandžijab, Tajana Kričkaa, Jona Šurića, and Neven Voćaa

aDepartment of Agricultural Technology, Storage and Transport, University of Zagreb Faculty of Agriculture, Zagreb, 
Croatia; bDepartment of Agricultural Engineering, University of Zagreb Faculty of Agriculture, Zagreb, Croatia

ABSTRACT
Arar (Juniperus phoenicea L.) is a small monoecious or dioecious evergreen 
species presenting as a shrub or tree around the Mediterranean. This wide-
spread plant is also causing problems in Croatia, along its Adriatic coastal 
area and in particular on the island of Pag. It affects the establishment and 
growth of other species that share its habitat and has also reduced the 
grazing areas of local sheep breeding and beekeeping communities. Arar is 
also a frequent cause of wildfires in the region. Its spread is indeed far- 
reaching, from its impact on plants and livestock to its adverse effects on 
the local population and its tourism, which is one of the main components of 
the island’s economy. This research aimed to evaluate biomass and biochar 
samples of arar, using standard methods to verify their potential energy 
value. Results of the study showed a favorable content of coke (16.28%) 
and volatiles (77.26%) in the samples. The C, H, S, N, and O ratios of the 
samples were 50.14%, 6.57%, 0.31%, 0.84% and 42.13%, respectively. The 
higher calorific value was 20.45 MJ·kg−1 for biomass and 29.01 MJ·kg−1 for 
biochar. Accordingly, this species can be used as a solid biofuel for direct 
combustion or similar processes and for other value-added applications.
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Introduction

In times of climate change, biomass in all forms (solid, liquid, and gas) is undoubtedly an important 
alternative fuel source. Additional advantage of biomass is that it can be developed as an on-site 
activity following a local biological production that will provide a direct access to clean energy for its 
surrounding communities (Tolon and Karaosmanoglu 2021). Burning biomass to produce energy will 
not pollute the atmosphere with CO2 to the same extent as fossil fuels since it has already absorbed 
about the same or even larger amount of CO2 during its life cycle than other sources of energy 
production (Alatzas et al. 2019).

Croatian flora includes a large number of plant species, many of which have only been superficially 
studied or analyzed. The genus Juniperus is one of them and belongs to the family Cupressaceae. This 
family consists of evergreen woody trees or shrubs, and arar (Juniperus phoenicea L.), also known as 
Somina, is one of them. In terms of height, arar is present as a smaller shrub or a small tree, its height 
ranging between 8–12 m and is either monoecious or dioecious (Boratyński et al. 2009). Although the 
biomass of arar has not been well examined in terms of energy production, this species is known to 
contain essential oils (Ait-Ouazzou et al. 2012) and many other biologically active compounds such as 
polyphenols, tannins, anthocyanins, and flavonoids (Ennajar et al. 2009a). Previous studies of arar 
have reported that these oils and compounds could have various pharmacological effects, such as 
antiviral and anticarcinogenic effects, with possible use in food (aromas), traditional medicine, and 
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industrial purposes (cosmetics and drug production) (Ennajar et al. 2009b). However, in some areas, 
like the island of Pag, this species is not considered for its potential benefits but is considered a pest due 
to its invasive ability to spread on the island (García, Guichoux, and Hampe 2018). Geographically arar 
can be found throughout the whole Mediterranean area, from the African Atlas Mountains and the 
Portuguese Atlantic coast into the west and to Jordan and Saudi Arabia to the east (Boratyński et al. 
2009). The distribution of arar in Croatia extends along the Adriatic coast and its islands (Nikolic 
2021). Almost twenty years ago, Kovačić et al. (Kovacic, Jasprica, and Ruscic 2001), registered the arar 
association and studied its floristic characteristics on the Pelješac peninsula and the majority of the 
Croatian islands, including the coastal region of Dubrovnik (Dubrovačko Primorje). The xerothermic 
scrub (macchia) forest community is one in which arar is common and widespread, as can be seen 
from the abundance of this species. The evergreen vegetation of these areas has been threatened by 
spread of arar, and also by the wild fires associated with land clearing activities (Kovacic, Jasprica, and 
Ruscic 2001). These events helped arar to progressively colonize a majority of the island of Pag (Vuleta 
2006). As arar become a dominant plant on the island it destroyed other plant species and has 
compromised survival of sage and other endangered medicinal plants. Arar has also significantly 
affected local sheep and bees grazing areas (Vuleta 2006). It is referred, by local population, as a “green 
monster” and compared to ragweed (Vicevic 2017). It has been established that arar is occupying more 
than half of the grazing area on the island. For Pag and its population this can have a devastating effect. 
Pag’s economy and revenue rely heavily on its sheep grazing activity and food production associated 
with it. As Pag is well known for its local delicacies like lamb and cheese any reduction or destruction 
of its grazing areas will have a serious and irreversible effect on its inhabitants, potentially forcing its 
population to leave the island if local pastoral activities are diminished (Vicevic 2017). Local bee-
keepers, like sheep graziers, are also faced with same destruction of plant species due to arar’s 
aggressive spread. As cultivation of sage and other medicinal plants is restricted, honey production 
is facing equally alarming prospect as the island’s sheep and dairy production (Butula et al. 2009). In 
Croatia, arar macchia is considered as an invasive plant species community and its management 
should be provided by the Ministry of Agriculture. Even though, by law, the Ministry requires 
eradication of invasive plants like arar, no meaningful founding or action has been provided to 
residents of the island of Pag so far (Croatian Parliament 2018). Or, for that matter, to any other 
areas affected in the same manner. Initially, the local response to arar was to incinerate or poison it, but 
neither that nor the last attempts at mechanical removal by excavators helped (Vicevic 2017). It has to 
be pointed out that of all clearing methods one can have a particularly disastrous effect. Biomass 
burning attempts on land can cause wild, uncontrolled fires that can result in significant harm to 
environment and ecosystem. These attempts are among the most common anthropogenic causes of 
uncontrolled fires along Croatian coast and are a desperate attempt by local population to protect not 
only their environment but also their economy and way of life. Since burning or using toxins on it did 
not help to alter or eliminate abundant communities of this species, nor did other usages of it for 
bioactive compounds or essential oil extraction, the purpose of this investigation was to confirm if it is 
possible to utilize the feedstock of invasive species arar for energy generation, which could also help 
reduce fire risk in affected areas. Knowledge of the overall composition of biomass properties is 
essential for its thermochemical conversion (combustion and pyrolysis processes). Therefore, arar 
biomass was studied after it was removed from nature by cutting down or clearing pastures for 
eventual green energy production purposes.

Alternative energy sources are urgently needed. Therefore, finding efficient ways to characterize 
and utilize biomass and identify availability of various biomass sources should indicate most suitable 
processes to convert biomass into bioenergy (Ong et al. 2020). Biomass can most efficiently be 
converted into three primary forms: electrical, thermal, or chemical energy or fuel (Kumar et al. 
2019). The biotechnological and thermochemical conversion processes are common ways to 
upgrade biomass. Biotechnological processes use enzymes and microorganisms to convert biomass 
components into a variety of valuable products, like primary and secondary metabolites (e.g., 
enzymes, vitamins, phenols, pigments, ethanol, antibiotics) (Solarte-Toro et al. 2021). Cellulose, 
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hemicellulose, and lignin are the major biochemical components of lignocellulosic biomass 
(Sannigrahi, Ragauskas, and Tuskan 2010). While cellulose and hemicellulose rich feedstocks are 
better for liquid fuel synthesis, lignin rich feedstocks are better for direct combustion (Kricka et al. 
2017). Thermochemical conversion mostly requires high temperatures, low-residence time (Solarte- 
Toro et al. 2021). Sometimes heat and catalysts are used to convert plant polymers into fuels, 
chemicals, or electrical energy (Brown 2011). To convert biomass into bioenergy, processes such as 
combustion, pyrolysis, gasification, and hydrothermal processing are used (Solarte-Toro et al. 2021). 
Biomass combustion can produce heat and electricity, both of which are frequently applied in 
process industries (Ong et al. 2020). It is the quick reaction of oxygen and fuel to generate heat and 
fuel gas which mainly consists of carbon dioxide (CO2) and water (H2O). At the same time, 
incomplete combustion produces potentially hazardous compounds. It serves as the fundamental 
basis for the worldwide electricity generation (Brown 2011). While pyrolysis, is a thermal degrada-
tion of biomass by heat in an oxygen free environment at the temperatures between 300°C and 
600°C. Generally, there are many pyrolysis processes classified into six subclasses (slow, fast, flash, 
vacuum, intermediate and hydro pyrolysis) (Tripathi, Sahu, and Ganesan 2016). Pyrolysis processes 
result in the producing of biochar (solid), bio-oil (liquid), and bio-syngas (gas) (Balat 2008). No 
other conversion method yields such a large variety of products (Tripathi, Sahu, and Ganesan 2016). 
Simultaneously, the yields depend on various parameters such as temperature, heating rate, resi-
dence time, etc. As a complex mixture of water and organic chemicals, bio-oil is produced as 
a pyrolysis liquid fraction (Vamvuka 2011). Compared to fossil fuels, bio-oil has numerous 
advantages. The most significant features are its renewability and low NOx and SOx emissions, 
while some unfavorable properties of bio-oil such as large proportion of water, high viscosity, poor 
ignition, and corrosiveness, require processing and improvement of bio-oil before future utilization 
(Tripathi, Sahu, and Ganesan 2016). The pyrolysis gas contains carbon dioxide, carbon monoxide, 
methane, hydrogen, and other gaseous organics as well as water vapor (Vamvuka 2011), and it has 
also been discovered to be effective in heat and power industries (Tripathi, Sahu, and Ganesan 
2016). The third product of pyrolysis is biochar, the quantity and properties of which depend greatly 
on the temperature. The biochar fraction contains inorganic matter, ash in varying degrees, and 
unconverted residues produced during, thermal decomposition of the organic components, espe-
cially lignin (Vamvuka 2011). It is often applied as activated carbon for soil improvement (Reza 
et al. 2019). It has a substantial outcome as water and air pacifier, and has been used for solvent 
recovery among other applications (Reza et al. 2020). of the most significant benefit of the pyrolysis 
process adjustability to reach desired outputs. For example, slow pyrolysis is useful for high biochar 
production, while fast pyrolysis is a more convenient process for higher bio-oil yield. Vacuum 
pyrolysis, on the opposite serves to obtain more evenly distributed products (Tripathi, Sahu, and 
Ganesan 2016).

As mentioned, arar biomass, which has recently spread extremely rapidly along the Croatian coast 
and islands, and throughout the Mediterranean, has been currently treated exclusively as weeds and 
waste. The most common technique of removing it from nature is by burning its biomass in the 
existing areas where it occurs. Arar is a serious problem in the area. It endangers herbs, medicinal and 
other plant and animal species, and bees; affects sheep, lamb, and cheese production; and can trigger 
uncontrolled fires if not disposed of properly. In addition, arar and its current management (uncon-
trolled fires) already have significant consequences on the Mediterranean environment and local 
communities, since the primary sources of income for local people are the production of local 
goods and tourism, both currently threatened by the succession of this species. Nevertheless, arar 
biomass currently has no function and only causes bigger problems over time. There is no comparable 
research evaluating the energy efficiency of arar biomass. As a result, specific examinations were 
performed to study its characteristics and energy potential for thermochemical conversion. Finding 
a solution for its elimination and exploitation of its biomass for the creation of energy supply might be 
a solution that wouldn’t cause additional problems for the environment or local communities. It could 
serve them as additional source of income. This study may help develop disposal solutions for arar and 
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other invasive plant species and promote awareness among scientists and the public about its 
advantages. The right management of this species might help reduce climate change, improve 
ecosystem health, and provide new products with value for a sustainable society.

Materials and methods

Samples of arar biomass (Figure 1)a and b were taken from five different locations on the island of Pag 
(44°26ʹ53.2 “N 15°01ʹ58.8 “E; 44°24ʹ50.4 “N 15°02ʹ51.0 “E; 44°28ʹ14.9 “N 14°57ʹ38.2 “E; 44°29ʹ03.8 “N 
14°58ʹ10.2 “E). Each sample contained approximately 2 kg of fresh weight biomass and was taken in 
the early morning hours of March 2017 during dry weather. After harvesting, only the healthy aerial 
sections of arar were delivered to the laboratory. The collected arar samples were first dried and 
ground to a size of 630 µm – 1000 µm (IKA, Germany) and after, analyzed as followed by standard 
methods in triplicate.

For proximate analyses standard methods (moisture EN 18134–2:2015); ash EN ISO 18122:2015; 
coke EN 15148:2009; fixed carbon and volatile substances EN 15148:2009) were used, and higher 
calorific value was obtained by IKA C200 calorimeter (IKA, Germany; EN 14918:2010). Ultimate 
analysis included determination of C, H, N, S and O content of the raw materials using standard 
methods on Vario Macro Elemental Instrument (Elementar Analysensysteme GmbH, Germany; C, H, 
N – EN ISO 16948:2015; S – EN ISO 16994:2015; O – calculated). Structural analyses of fiber 
components were carried out by Van Soest method (Van Soest, Robertson, and Lewis 1991) using 
an ANKOM 2000I analyzer. Cellulose content was determined by subtraction of acid detergent lignin 
from acid detergent fiber, hemicellulose by subtraction of acid detergent fiber from neutral detergent 
fiber, respectively, while lignin was reported as acid detergent lignin. Following the analyses of the raw 
materials, the samples (particle size 600 μm to 1000 μm) were pyrolyzed under laboratory conditions 
(Figure 2) at a temperature of about 500°C without oxygen.

Figure 1. Biomass of arar (a – biomass at the site; b – dried and ground biomass prepared for analyses; c – biochar after pyrolysis 
process prepared for further analyses; d – bio-oil upon pyrolysis process).
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After biomass heating, the volatiles were passed through the Liebig condenser, where the con-
densation process separated liquids and solids from the incondensable gases, which were discharged 
into the atmosphere. The amounts of biochar (Figure 1c), bio-oil (Figure 1d) and gas were calculated, 
and the biochar was also analyzed using the above methods for biomass samples. Based on the data 
reported as means ± standard deviation of triplicate measurements (where mean value is average of 
three repeated measurements (m) of the same sample = m1 + m2 + m3) * 3−1) ANOVA was performed. 
A t-test was used to examine differences between the mean values. The confidence level was set 
at P < .05.

Results and discussion

Efficient utilization of the considerable energy potential hidden in raw biomass requires not only 
calorific values but also proximate, ultimate, and structural analyses (Gami et al. 2011). Based on these 
results, it is possible to make an objective decision about whether the raw material in question, in this 
case arar biomass, has the potential to produce energy (heat or electricity) and how (Voca et al. 2019).

As mentioned earlier, samples of arar biomass from five different sites were subjected to proximate 
(Table 1), ultimate (Table 2), structural (Table 3), and pyrolysis (Table 3) analysis, while calorific 
values (Table 4) were also determined. From pyrolysis analysis, 36.79% biochar (BC) and 44.61% 
pyrolysis bio-oil (BO) were obtained (Table 3). The moisture (MC), ash (AC), coke (CK), fixed carbon 
(FC) and volatiles (VC) content were 40.36%, 8.35%, 16.28%, 7.93% and 77.26%, respectively 
(Table 1). The proximate analysis of biochar samples (Table 1) showed that the average amounts of 
MC, AC, CK, FC, and VM content were 6.46%, 12.17%, 66,88%, 54.71%, and 26.66%, respectively. The 
reason for the noticeable difference between the findings of proximate biomass and biochar analyses 
and the previously existing studies (Ahmed et al. 2020a, 2020b; Liu et al. 2017; Qian et al. 2020; Reza 
et al. 2019, 2020; Sher et al. 2020) is the type of biomass samples and their condition. Some of them 
were analyzed as received, while other were analyzed after drying. The lowest MC noticed is shown in 
Table 1, for the samples of location 1 (37.30%) and the highest for location 2 (43.46%). However, this is 
the MC range of raw arar biomass collected at the sites, and a MC of up to 50% is typically acceptable 
for thermal conversion processes. The MC is usually defined as the amount of water present in 
a sample that negatively affects the reactivity during pyrolysis and reduces the quality of the biofuels 
(Kenney et al. 2013). Only Voća et al. (Voca et al. 2019) provided data on MC as received condition, 
which was about 84.58%. However, since Posidonia oceanica is a submerged marine plant, it is 
expected that our samples would have had a much lower MC. The results for AC and FC differ 
from those in the literature. AC is slightly higher, while FC was lower than values for various woody or 
invasive plant species or other biomass feedstocks. For example, Ahmed et al. (Ahmed et al. 2020a), 
analyzed the waste biomass of different invasive species parts such as bark, twigs, pods, and branches 

Figure 2. Experimental pyrolysis apparatus diagram.
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Table 1. Proximate analysis of investigated arar biomass and biochar samples.

Biomass samples

Location Moisture; MC 
(%)

Aah; AC 
(% db)

Coke; CK 
(% db)

Fixed carbon; FC 
(% db)

Volatiles; VC 
(% db)

1 37.30 ± 1.93c 8.65 ± 0.35b 14.62 ± 0.26b 5.97 ± 0.22c 80.71 ± 0.23a
2 43.46 ± 0.68a 9.97 ± 0.33a 18.39 ± 1.26a 8.42 ± 0.96ab 75.21 ± 1.26c
3 39.34 ± 1.28bc 7.74 ± 0.44bc 15.68 ± 0.82b 7.94 ± 1.04ab 77.33 ± 0.77b
4 40.30 ± 0.71abc 7.60 ± 0.89c 15.43 ± 0.43b 7.83 ± 0.86b 77.60 ± 0.36b
5 41.41 ± 3.21ab 7.80 ± 0.55bc 17.27 ± 0.43a 9.47 ± 0.89a 75.47 ± 0.44c
p 0.021 0.002 0.001 0.01 p < .05
Average 40.36 8.35 16.28 7.93 77.26

Biochar samples

Location Moisture; MC 
(% db)

Ash; AC 
(% db)

Coke, CK 
(% db)

Fixed carbon; FC 
(% db)

Voaltiles; VC 
(% db)

1 4.67 ± 0.04d 11.15 ± 0.86b 63.06 ± 0.86d 51.92 ± 0.09b 32.27 ± 0.87a
2 6.40 ± 0.05c 12.26 ± 0.30b 69.08 ± 0.38c 56.81 ± 0.15a 24.52 ± 0.36b
3 6.98 ± 0.05b 14.43 ± 0.99a 71.54 ± 0.28a 57.12 ± 0.78a 21.48 ± 0.22c
4 6.97 ± 0.07b 14.51 ± 1.51a 70.50 ± 0.35b 55.98 ± 1.36a 22.53 ± 0.42c
5 7.26 ± 0.07a 8.52 ± 0.62c 60.24 ± 0.68e 51.72 ± 0.14b 32.50 ± 0.67a
p p < .05 p < .05 p < .05 p < .05 p < .05
Average 6.46 12.17 66.88 54.71 26.66

% – as received; % db – on dry basis; within a column different letters indicate statistically significant differences at the 5% level; p – 
significance level.

Table 2. Ultimate analysis of arar biomass and biochar.

Biomass samples

Location Carbon 
(% db)

Hydrogen 
(% db)

Sulfur 
(% db)

Nitrogen 
(% db)

Oxygen 
(% db)

1 50.66 ± 0.12b 6.44 ± 0.28a 0.45 ± 0.03c 0.76 ± 0.04a 41.68 ± 0.23a
2 50.14 ± 0.25ab 6.47 ± 0.27a 0.33 ± 0.01c 0.97 ± 0.03b 42.08 ± 0.05a
3 50.46 ± 0.04ab 6.67 ± 0.15a 0.29 ± 0.01ab 0.75 ± 0.02a 41.84 ± 0.17a
4 50.17 ± 0.04ab 6.93 ± 0.07a 0.23 ± 0.02a 0.88 ± 0.02ab 41.80 ± 0.11a
5 49.29 ± 0.38a 6.34 ± 0.33a 0.27 ± 0.01ab 0.84 ± 0.02ab 43.27 ± 0.69a
p 0.03 0.51 0.00 0.01 0.09
Average 50.14 6.57 0.31 0.84 42.13

Biochar samples

Location Carbon 
(% db)

Hydrogen 
(% db)

Sulfur 
(% db)

Nitrogen 
(% db)

Oxygen 
(% db)

1 77.53 ± 0.36c 2.80 ± 0.06a 0.14 ± 0.00a 1.69 ± 0.01c 17.84 ± 0.31ab
2 74.86 ± 0.28b 3.83 ± 0.03a 0.23 ± 0.01b 1.84 ± 0.01d 19.24 ± 0.33b
3 75.04 ± 0.12b 3.59 ± 0.01a 0.16 ± 0.01a 1.71 ± 0.02c 19.50 ± 0.16bc
4 72.56 ± 0.16a 3.56 ± 0.04a 0.17 ± 0.00a 1.16 ± 0.03b 22.56 ± 0.16c
5 78.26 ± 0.30c 3.21 ± 1.46a 0.17 ± 0.02a 1.02 ± 0.00a 15.34 ± 1.15a
p 0.00 0.27 0.01 p < .05 0.00
Average 75.65 3.8 0.17 1.49 18.9

% db-% dry basis; within a column different letters indicate statistically significant differences at the level of 5%, p – significance 
level.

Table 3. Structural analysis of arar samples biomass.

Location
Cellulose 

(% db)
Lignin 
(% db)

Hemicellulose 
(% db) BC (%)

BO 
(%)

BG 
(%)

1 23.4 35.38 16.1 33.18 47.61 19.21
2 19.21 37.07 16.4 37.50 41.42 21.08
3 17.03 42.83 9.59 38.36 45.65 15.99
4 17.25 40.38 12.85 38.09 45.33 16.58
5 23.25 39.28 13.29 36.84 43.05 20.11
Average 20.03 38.99 13.65 36.79 44.61 18.59

% db – % on dry basis, BC – biochar, BO – bio-oil, BG – synthesized gas.
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of Acacia cincinnata. The same authors (Ahmed et al. 2020b) also analyzed sawdust from acacia wood 
processing. Reza et al. (Reza et al. 2019, 2020) analyzed the invasive species Acacia holosericea and 
Pennisetum purpureum. Sher et al. (Sher et al. 2020), studied barley, wheat, miscanthus, short rotation 
coppicing willow, wood waste and wood pellet. Considering that ash is a mineral residue produced as 
a by-product of combustion, its quantity is an indicator of the feedstock quality and generally ranges 
from 5% to a high of 20% (Voca et al. 2019). According to these references, the findings suggest that 
arar biomass has a slightly higher AC (8.35%). Reza et al. (Reza et al. 2019), determined an AC from 
Acacia holosericea biomass of 3.91%, while Sher et al. (Sher et al. 2020) determined various AC ranging 
from 0.79% to 10.20% from wheat, barley, miscanthus, willow, wood pellets, and various other 
biomass samples. Qian et al. (Qian et al. 2020) reported huge variations in the AC in the biochar 
samples depending on the biomass samples. AC results in biochar range from 1.49% (Pinus sylvestris) 
to 35.88% (rice husks) when compared to samples obtained by similar pyrolysis conditions at 550°C. 
Nevertheless, the results are quite far from desirable values. which should be as low as possible. A high 
content of CK and FC in samples is considered desirable because it can mean a possible higher amount 
of produced energy by the combustion process of a given amount of biomass (Voca et al. 2019). The 
calorific values of biomass increase accordingly. When the FC value goes up, the calorific value also 
increases, ending with increased biomass quality. Depending on the sampling location, FC values 
ranged from 5.97% (location 1) to the highest value of 9.47% (location 2). The values of FC in some 
feedstocks used in combustion range from 15% to 25% (Qian et al. 2020; Reza et al. 2019; Sher et al. 
2020; Voca et al. 2019). Arar has similar values but still much lower than the reported ones in the 
literature. For example, the FC values obtained by Sher et al. (Sher et al. 2020) in different biomass 
samples ranged from 13.24% to 18.22%, while Reza et al. obtained FC values of 21.21% for the invasive 
species Acacia holosericea (Reza et al. 2019) and 16.81% for Pennisetum purpureum (Reza et al. 2020). 
In the study by Quian et al. (Qian et al. 2020), FC in the biochar samples ranged from the lowest value 
of 38.03% (Ginkgo biloba) to the highest value of 85.20% (Pinus sylvestris). Volatile matter, often 
referred to as volatiles (VC), is usually high in biomass, including light hydrocarbons, CO, CO2, H2, 
moisture, and tars (Voca et al. 2019). This property ensures that biomass ignites quickly, while the 
general rule is that as the VC decreases and the fuel ratio (fuel ratio = fixed carbon *·VM-1) increases. 
Accordingly, biochar/coal is more difficult to ignite and burns more slowly (Miller 2013). As Sadiku 
et al. (Sadiku, Oluyege, and Sadiku 2016) stated, the reason why the VC in fuel is higher is that a large 
amount of secondary air must then be supplied at high pressure at a strategic location for effective 
combustion. Incomplete combustion of VC results in thick smoke, heat loss, pollution hazard in the 
form of emissions, and incomplete combustion, which affects the operation of the boiler and leads to 
deposits on its surfaces. Due to their high oxygen content, the VC in biomass have a low calorific value. 
The amount of VC strongly depends on the pyrolysis material considered and parameters such as 
temperature or heating rate (Caillat and Vakkilainen 2013). Compared to the values of VC in raw 
biomass, it is obvious that biochar contains less VC than the starting biomass, but biochar is also much 
drier and therefore has a lower ignition temperature (Bach and Skreiberg 2016). Upon the 

Table 4. Calorific values of investigated arar biomass and biochar.

SAMPLES Biomass Biochar

Location HCV (MJ·kg−1) LCV (MJ·kg−1) HCV (MJ·kg−1) LCV (MJ·kg−1)

1 19.97 ± 0.85 19.04 ± 0.85 29.43 ± 0,01c 27.96 ± 0.01c
2 19.95 ± 0.51 18.88 ± 0.51 28.40 ± 0,11a 26.97 ± 0.09a
3 21.16 ± 0.05 19.79 ± 0.05 28.89 ± 0,14b 27.41 ± 0.16b
4 20.87 ± 0.05 19.46 ± 0.05 28.35 ± 0,14a 26.93 ± 0.11a
5 20.29 ± 0.10 18.95 ± 0.10 29.97 ± 0,14d 28.54 ± 0.15d
p 0.07 0.27 p < .05 p < .05
Average 20.45 19.22 29.01 27.56

HCV, higher calorific values; LCV, lower calorific values; within a column different letters indicate statistically significant differences at 
the level of 5%, p – significance level.
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comparisons, it can be stated that the values determined in this study for the VC are similar to those 
determined in the literature (Ahmed et al. 2020a, 2020b; Liu et al. 2017; Qian et al. 2020; Reza et al. 
2019, 2020; Sher et al. 2020). From this point of view, since the arar samples contain on average 77.26% 
of VC, it can be said that arar could be a good raw material for energy production. The average values 
of proximate analysis of biochar from five different sites of arar biomass after the pyrolysis process 
showed AC, FC, and VM as 12.17%, 54.71%, and 26.66% (Table 1). In contrast, AC, FC, and VM for 
different types of biomass were reported as 5.80%, 48.80%, and 42.20%, respectively (Sher et al. 2020). 
Different types of biochar had values ranging from 1.49–35.88% for AC, 38.03–85.20% for FC, and 
10.62%-30.28% for VM (Qian et al. 2020). Proximate analysis results for the samples from different 
sampling locations for arar biomass (AC, CK, FC, VM) and eventually biochar (MC, AC, CK, FC, VM) 
are subject to considerable variation.

The ultimate analysis (Table 2) showed carbon (C), hydrogen (H), sulfur (S), nitrogen (N), 
and oxygen (O) content in biomass as 50.14%, 6.57%, 0.31%, 0.84%, and 42.13%, respectively. 
The ultimate analysis of biochar showed 75.65% C, 3.8% H 0.17% S, 1.49% N and 18.9% O, 
respectively. Biomass with higher C content has a higher energy value. The average C content of 
the biomass samples is 50.14% and 75.65% for the bio-oil samples. Reza et al., found C values of 
44.03% in Acacia holosericea samples (Reza et al. 2019) and 43.32% in Pennisetum purpureum 
samples (Reza et al. 2020). According to these species, arar has a higher C content than other 
similar materials and is therefore suitable for energy production. According to Qian et al. (Qian 
et al. 2020), the C content in the biochar samples of their study was lower than that in arar 
samples, with an average value of 69.50% for the biochar samples obtained under similar 
pyrolysis conditions. The higher C content of biochar (75.65%), especially compared to the 
C content of biomass, indicates a promising potential as a solid fuel, in addition to alternative 
value-added uses such as sorption processes, soil amendment, or other applications of phytonu-
trient additives (Ahmed et al. 2020a). Reza et al. reported H content of 5.67% in the samples of 
Acacia holosericea of (Reza et al. 2019) and 5.80% in the samples of Pennisetum purpureum 
(Reza et al. 2020), which was higher than the results obtained in this research. Quian et al. (Qian 
et al. 2020) reported that the H content in biochar averaged 2.72%, which was slightly lower than 
the average value of 3.08% in this study. Since both H and C contribute to the increase of fuel 
energy value, it can be confirmed that arar is a suitable feedstock for energy generation. The 
much better results of the biomass samples in terms of low N and S contents indicate that arar is 
a potential feedstock from ecological aspects compared to other literature data (Ahmed et al. 
2020b; Qian et al. 2020). According to Liu et al. (Liu et al. 2017), understanding the distribution 
of N and S elements in the biomass pyrolysis process can help control their distribution in 
pyrolysis products and develop efficient techniques to limit gas pollutant emissions (NOx, SOx 
and their precursors). N and S are undesirable constituents in biomass and in bio-oil and gas 
products, but they are desirable elements in biochar. In biochar, they can help improve the 
efficiency of producing functional C compounds, and they make biochar an excellent source of 
nutrients for improving soil fertility. It is noticeable that ultimate analysis of N averaged about 
0.84%, which is a good result compared to the literature, where most authors found N values in 
the biomass above 1% (Ahmed et al. 2020a, 2020b; Reza et al. 2019, 2020; Sher et al. 2020). The 
biochar samples contained about 1.49%, while most of the results of the different biochar 
samples in the literature (Qian et al. 2020) were below this value. S content was detected in 
most biomass samples with an average value of 0.31%. Biochar S values averaged 0.17%, while 
Quian et al. (Qian et al. 2020) found similar but even lower values of 0.11%. The compared 
values indicate that most (except S) of the ultimate analysis results for biomass and biochar 
samples from the literature, obtained under similar conditions, were not as good as those in this 
study. Compared to other literature data (Ahmed et al. 2020a, 2020b; Qian et al. 2020; Reza et al. 
2019; Sher et al. 2020), there are few discrepancies between the data in either biomass or biochar 
analysis. However, as expected, huge differences were found between the values obtained in this 
study in the analysis of the biomass and biochar samples. Although it is not necessary to 
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mention that some increase in the values (C, N) is expected, it is noticeable that the results of 
biochar values increase in comparison with the values for biomass samples. Aside from that, the 
ultimate analysis of samples of biomass and biochar did not find any statistically significant 
differences between the sites for the other results. The proximate (Table 1) and ultimate analyses 
(Table 2) results, as well as the calorific values and obtained shares of biochar and bio-oil 
(Table 3), were comparable to the values reported from other biomass feedstock samples 
(Ahmed et al. 2020a, 2020b; Liu et al. 2017; Qian et al. 2020; Reza et al. 2019; Sher et al. 2020).

Because of their propensity to spread aggressively and suppress other native species while 
producing large amounts of potentially useful biomass, invasive species could be an even better 
and cheaper source of feedstock for bioenergy production. Lignocellulosic biomass is one of the 
most significant naturally occurring renewable carbon reserves on the entire globe, at a very low 
cost (Kricka et al. 2017). It would be even lower if invasive species were counted in as feedstock. 
Regarding the structural composition of biomass, the most predominant component in ligno-
cellulose biomass is cellulose. Hemicellulose accounts for 15% to 30% of the biomass weight, 
while lignin contains approximately 40% of the biomass energy potential thanks to the high 
share of C. Consistent with the three basic components mentioned above, biomass contains trace 
amounts of specialized metabolites (e.g., proteins, chlorophylls, and inorganic compounds) (Liu 
et al. 2017). The comparisons of structural analyses of biomass samples of arar from five 
different locations (Table 3) showed similar results. The highest percentage in the samples was 
lignin, at 38.99%, ahead of cellulose at 20.03% and hemicellulose at 13.65% .It is worth 
mentioning that the component with the highest share in this study is lignin, and that is 
a positive characteristic for arar biomass, so that could be an excellent feedstock for combustion. 
However, as stated by Cao et al. (Cao et al. 2019) the high content of lignin, may be the reason 
for the higher AC of the biomass samples.

The biofuels produced by pyrolysis are highly dependent on the temperature range, heating 
rate, vapor residence time, catalyst application, catalyst properties, feedstock type and its 
composition (Ahmed et al. 2020a; Fraczek, Mudryk, and Wrobel 2009). As for the yields after 
the pyrolysis process, authors (Ahmed et al. 2020b) reported elevated values of 38.73% for 
biochar from sawdust samples and slightly lower values of 35.44% for bio-oil. For samples of 
bark, twigs, pods, and branches of Acacia cincinnata, the average biochar yields were 45.36– 
58.35% at 400°C, 28.63–44.38% at 500°C and 22.68–29.42% at 600°C (Ahmed et al. 2020b), while 
those for bio-oil were slightly lower than in this study. In this study, the average value for 
biochar yield (Table 3) was 36.76% and for bio-oil yield of 44.61% (Table 3). Since the arar 
species, and its parts are often used for oil distillation and isolation of various compounds with 
another application (Ait-Ouazzou et al. 2012; Ennajar et al. 2009a, 2009b), increased quantities 
of bio-oil in the samples were expected. Considering the thermochemical conversion, the higher 
and lower calorific values are the most essential aspects of it, along with the proximate, ultimate, 
and structural analyses. The calorific values of biomass and biochar are shown in Table 4. The 
calorific value of any fuel is a general determinant to demonstrate its potential as a viable energy 
production option (Ahmed et al. 2020b). Biomass with higher calorific value and optimal 
energetic properties is more desirable for energy production. However, almost all lignocellulosic 
feedstocks are in the range of 15–19 MJ·kg−1 (Gami et al. 2011). The results of this study are 
comparable to other feedstocks that are considered valuable and of high quality. As for the 
results of the biochar produced, it was found that the average calorific value is even higher, with 
a value of 29.01 MJ·kg−1. This is higher than obtained literature values for the Acacia cincinnata 
biomass, which ranged from 18.65 to 20.11 MJ·kg−1, and for biochar from 20.71 to 27.04 MJ·kg−1 

(Ahmed et al. 2020b) or for other investigated biomass samples of invasive species, which ranged 
from 18.37 to 34.47 MJ·kg-1 (Cao et al. 2019; Fraczek, Mudryk, and Wrobel 2009; Qian et al. 
2020). The results of the higher calorific value of the arar biomass samples (Table 3) did not 
differ significantly between sites for most of the observed properties.
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Conclusions

From the studied biomass and biochar of Juniperus phoenicea L (arar) it can be deduced that most of 
the studied traits were within the published values, with little variance within the observed parameters. 
The biomass samples had acceptable MC, an undesirably elevated AC (8.35%), high CK (16.28%), and 
VC (77.26%), but lower FC (7.93%) than previous studies. The high C (50.14%) and H (6.57%) 
content, the low N (0.84%) and S (0.31%) content of the biomass, and the elevated C (75.65%) and 
N (1.49%) concentration of the bio-oil samples make it ideal for future use from an ecological point of 
view. Structural analysis shows an elevated content of lignin (38.99%), which is also favorable for 
thermochemical conversion. Both the biomass and biochar samples had high HCV (20.45 MJkg−1 

biomass, and 29.01 MJkg−1 biochar), while pyrolyzed biomass samples resulted in high yields of 
biochar (36.79%) and bio-oil (44.71%).

Given the predominantly positive results of studied samples, it is obvious that pyrolysis of this type 
of feedstock could be an appropriate solution for the management of arar biomass, but also that this 
type of biomass has potential for the production of electricity or heat. This study has focused on arar, 
and the authors would like to suggest that further and more detailed analyses should be done to 
confirm the results of the study. With good management and further detailed research into its biomass 
and energy conversion, this species could provide an energy source that can facilitate economic growth 
and development of local areas. It could also help to reduce the consequences of climate change and 
promote long-term ecosystem health.
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