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Abstract- The concerns in oil reserves depletion and environmental problems demand renewable energy sources, including 

biofuel, to be continuously developed. The residue from Spirulina platensis extraction is a source of biomass which can be 

pyrolysed to obtain liquid fuel. This paper examines the characteristics of pyrolysis with Thermogravimetric Analyzer (TGA) 

and the slow pyrolysis of Spirulina platensis residue (SPR) with a fixed-bed reactor without catalysts. The result of TGA 

analysis with a heating range from 30 to 1000°C indicated that 20°C/min was the best heating rate while the minimum 

temperature for thermal decomposition was 302.06°C. Pyrolysis experiments in a fixed-bed reactor were performed using 50 

grams of SPR as feed, with a pyrolysis temperature between 400-650°C. The maximum bio-oil yield of 25% was produced at a 

temperature of 550°C, where the aromatic components and phenol increased. The higher heating value (HHV) of bio-oil was 

quite high (25.70 MJ/kg). On the other hand, the gas products which were dominated by H2, CO, and CH4, can be used as 

syngas fuel meanwhile the bio char product that had high C content (50.31%) and ash content (11.80%) exhibits a great 

potential as an adsorbent and catalyst. 

Keywords Spirulina platensis residue, non-catalytic slow pyrolysis, fixed-bed, biofuel. 

 

1. Introduction 

The world's energy consumption from non-renewable 

sources (coal, oil, and gas) is experiencing a sudden increase 

as the growth of global population is exponentially 

proliferating [1-4]. Consequently, in order to meet the needs 

of the global consumption, a fuel to drive a wide variety of 

industrial and transport sectors is profusely required. 

According to Energy Information Administration, the global 

demand for natural resources showed an increasing trend 

from year to year, at a point where the need for oil will 

increase by 35% in 2025. On the other hand, the need for 

energy from fossil fuels is estimated at around 78% of energy 

use by 2040 [5].  

The dominance of fossil energy use of non-renewable 

resources has led to the depletion of oil reserves and a 

striking increase in CO2 emissions. These conditions lead to 

global warming, which in turn poses a threat to the global 

climate change [2;6;7]. As a consequence, the energy 

problems demand development of energy sources derived 

from renewable sources that are more environmentally 

friendly and sustainable. The energy consumption from 

renewable sources (wind, sun, waves and biomass) has 

increased to an average of 2.6% per year worldwide between 

the years 2012 to 2040 [5;8]. These enhancements provide an 

opportunity to develop the energy sources of biomass into 

fuels (biofuels) as an attractive choice and fit for effective 

use. 
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As a product of biomass processing, biofuel can be 

produced in the form of bio-oil, bioethanol, biodiesel, bio-

syngas, bio hydrogen and biogas. Until now, the biofuel-

based energy source has undergone several generations of 

development [9;10]. The first generation (G1), derived from 

grains and sugar and food oil, is utilized to produce ethanol 

and biodiesel respectively. Unfortunately, the biomass 

sources of G1 are in conflict with the needs of food and 

henceforth its utilization as a raw material to produce biofuel 

would irrefutably destabilize food reserves. The second 

generation (G2) includes alcohol and green diesel derived 

from lignocellulose and green diesel derived from non-edible 

oil. While the sources of biomass from G2 do not necessarily 

interfere with food safety, their plantation can reduce soil 

fertility. Until now, the disadvantages of G1 and G2 biofuel 

as an energy source can be resolved by the third generation 

(G3), which is the biomass of microalgae, that can be 

converted into biofuels and chemicals [11;12;13]. 

As a source of G3 biomass, microalgae offers many 

promising advantages due to its notably high growth rate, 

high result of cultivation of each area, and high efficiency in 

capturing CO2. Moreover, microalgae do not compromise the 

security of food supply stability and can be converted into a 

product using various mechanisms [14−16]. Several 

pathways to converting microalgae are biochemical 

conversion (including photo biological hydrogen production, 

fermentation, anaerobic digestion), thermochemical 

conversion (gasification, pyrolysis, liquefaction), chemical 

reaction (trans-esterification) and direct combustion (power 

generation). Furthermore, to obtain liquid biofuels (bio-oil), 

microalgae can be converted through thermochemical 

conversion (pyrolysis) [17;18;19]. 

An energy-efficient algae-refinery with thermochemical 

conversion as seen in Fig. 1 is proposed. The conversion of 

microalgae starts from cultivation, harvesting, and extraction 

(producing algae and algae oil residues),  during which the 

algae oil undergoes transesterification to produce biodiesel 

while algae residue is fed into pyrolysis unit (temperature of 

300-600°C) to produce bio-oil. Subsequent gasification 

(temperature of 600-900°C) after pyrolysis will produce 

syngas and CO2 [20]. These products of the gasification 

(900°C) can be used as a heat source in the pyrolysis to a 

temperature of 600°C, then the hot gases produced from 

pyrolysis (syngas and CO2) with a temperature of 600°C is 

partly used for the transesterification at 65°C [21]. The 

residual heat that comes out of the transesterification with a 

temperature of 65°C is later used for heating in the extraction 

step (45°C) and for drying at harvesting step (30°C) [22]. In 

addition, the CO2 content in the residual heat stream that 

comes out of harvesting and extraction in the form of syngas 

is required for cultivation (see Fig. 1). 

Extraction is one of the important processes of algae-

refinery [23; 24]. There are two types of extraction; one 

method uses a green solvent from the extraction plant 

(FAME, terpene) while another method applies the 

intensification of the processing method such as wet algae 

biomass extraction, microwave-assisted extraction, 

ultrasound-assisted extraction, surfactant-assisted extraction, 

enzyme-assisted extraction, and in situ transesterification 

[25;26]. For both methods, microalgae extraction will 

produce algae oil as the primary product along with 

microalgae residue [27]. 

 

Fig. 1. Energy-efficient algae refinery. 

Due to its high carbohydrate and protein content, 

microalgae residue can be pyrolysed (at 300-600°C) to 

produce bio-oil, gas, and bio char [28;29]. Generally, 

pyrolysis can be classified into fast pyrolysis and slow 

pyrolysis. The selection of types of pyrolysis depends on the 

desired products which can be adjusted by controlling the 

heating rate, residence time, and the type of reactor [30;31]. 

As the utilization of microalgae as energy source is 

generating considerable interest, there have been numerous 

studies discussing pyrolysis of microalgae without catalysts 

by fast pyrolysis [32;33], by slow pyrolysis [34], and using 

microalgae residue as raw material (35−37). However, the 

characteristics of bio-oil produced from pyrolysis of solid 

waste generated from Spirulina platensis extraction using a 

fixed-bed reactor with a slow heating rate (10-50°C/s) 

without catalyst have not been investigated. 

This study examines the influence of temperature rise of 

the slow pyrolysis of SPR with a non-catalytic fixed-bed 

reactor in the product yield (bio-oil, gas, and bio char). The 

content of each constituent in the product yield is analyzed 

and later discussed to understand the correlating 

phenomenon that occurs between pyrolysis temperature 

changes and components of the product yield. Moreover, this 

paper also studied the effect of temperature rise with a wide 

range of heating rate on the characteristics of pyrolysis 

performed with Thermogravimetric Analyzer (TGA). 

2. Materials and Methods 

2.1. Materials 

Spirulina platensis was extracted to produce algae oil 

and its residue. The residue obtained was then separated and 

used as raw material for pyrolysis. Furthermore, fresh 

Spirulina platensis and its residue (SPR) were characterized 

by ultimate analysis, proximate analysis, and higher heating 

value (HHV) analysis. These tests were conducted at the 

Laboratory of Chemistry, Biochemistry of Food and 
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Agricultural Products, Department of Agriculture 

Technology, Gadjah Mada University, Yogyakarta, 

Indonesia.  

2.2. Microalgae Residue Pyrolysis Characterization 

Characterization of SPR pyrolysis was done using TGA 

to determine the weight change of SPR during the pyrolysis 

temperature change and to determine the thermal 

decomposition temperature at each heating rate. Pyrolysis 

was performed at a temperature of 30 to 1000°C with a 

heating rate of 10, 20, 30 and 50°C/min. At 120 and 600°C, 

the temperature was maintained for 10 minutes to ensure 

complete evaporation and pyrolysis. A similar method was 

done by Cylen et al. (2014) [38], when the heating 

temperature reached 110°C, the temperature was kept steady 

for 20 min. to ensure that all water vapour was released from 

the material. This resulted in a constant weight in a specific 

period of time, as indicated by the horizontal line on the TG 

curve [39]. Another similar method was performed by 

Daniyanto et al. (2016), when the temperature reached 

500°C, the temperature was maintained for 15 minutes, 

ensuring a complete pyrolysis [40]. 

2.3. Experiment with Non-catalytic Fixed-bed Pyrolyzer 

Non-catalytic slow pyrolysis experiment was performed 

in a cylindrical fixed-bed reactor with an inside diameter of 

40 mm, outer diameter of 44 mm, and length of 600 mm. 

This reactor was equipped with a coil-shaped electric heater 

wrapped around the outer surface of the cylinder. The 

temperature was controlled using a thermocouple. Reactor 

was also equipped with a condenser and condensate 

container. Non-condensable gasses were collected and 

analyzed to calculate the composition of each constituent. 

Schematic drawing of the pyrolysis unit is shown in Fig. 2. 

Pyrolysis process was performed by feeding 50 grams of 

SPR into the reactor, followed by equipping the 

thermocouple and covering the reactor properly. Condenser, 

bio-oil & gas cooler and container were strung together as 

illustrated in Fig. 2. The reactor was heated by an electric 

heater with a constant heating rate of 10°C/min until the 

desired pyrolysis temperature was achieved (400, 450, 500, 

550, 600, 650°C). Then, the reactor temperature was kept 

constant for 1 hour. The resulting pyrolysis gas was then 

condensed and collected in a bottle. The resulting condensate 

will form two layers: the top layer (bio-oil) and lower layer 

(water phase). Furthermore, the liquid on top layer (bio-oil) 

was measured in volume. Bio char could be taken and 

weighed after pyrolysis was complete, at which time the 

reactor has been cooled. Non-condensable gas was stored in 

the gas storage bottle. 

 

Fig. 2. Schematic diagram of fixed-bed tubular reactor. 

2.4. Product Analysis: Bio-oil, Gas, and Char 

The experiment was performed three times for each 

pyrolytic temperature, of which the yields were average, and 

three products (liquid, char and gas) were obtained. The 

liquid product is a mixture of the oil phase (bio-oil) and the 

water phase, both of which can be separated by gravity into 

the upper oil phase and the bottom water phase. Each weight 

of bio-oil and water phase was weighed and recorded. 

Subsequently, the char obtained at the end of the pyrolysis 

was weighed and recorded. The weight of gas product can be 

determined by calculation, i.e. the initial weight of SPR 

minus the weight of the liquid and the char. From pyrolysis 

of SPR, the yield percentage of liquid product (Yliq), yield of 

water phase (Ywtr), yield bio-oil (Ybo), yield char (Ychar) and 

yield gas (Ygas) were calculated by using Eq. (1) – (5) [34]. 

Yliq = (Wliq/WSPR) x 100% (1) 

Yaqs = (Wwtr/WSPR) x 100% (2) 

Ybo = (Wbo/WSPR) x 100% = Yliq - Yaqs (3) 

Ych = (Wch/WSPR) x 100% (4) 

Ygas = 1 – (Yliq + Ych) (5) 

Where Yliq is the yield of liquid product; Wliq is the weight of 

liquid product; WSPR is SPR weight; Yaqs is the yield of 

water; Wwtr is the weight of water phase; Ybo is the yield of 

bio-oil; Wbo is the weight of bio-oil; Ych is the yield of 

biochar; Wchar is char weight and Ygas is the yield of gas. 

Constituents of bio-oil produced from pyrolysis were 

tested by GC-MS, meanwhile, the gas component product 

was analyzed with gas chromatography-thermal conductivity 

detector (TCD). Proximate and ultimate analysis of both bio-

oil and bio char were done at Laboratory of Food and 

Nutrition, International University Centre (IUC), Gadjah 

Mada University, Yogyakarta, Indonesia. 
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3. Results and Discussion 

3.1. Spirulina platensis and SPR Analysis 

The composition, proximate and ultimate analysis results 

of Spirulina platensis and SPR are presented in Table 1. The 

small lipid content of  SPR (0.09%) indicates that Spirulina 

platensis extraction can take almost any algae oil. On the 

other hand, the high content of carbohydrate (38.51%), 

protein (49.60%) and volatile (68.31%) of SPR will affect 

the yield of the resulting liquid. In addition, a low molar ratio 

O/C value implies that only a small amount of polar 

compounds are present in Spirulina platensis and SPR. 

However, a high value of H/C indicates a considerable 

amount of aliphatic hydrocarbon compounds. Both O/C and 

H/C values affect the higher heating value (HHV) as the H/C 

value increases and O/C value decreases, the HHV will 

increase accordingly. The influence of O/C and H/C values is 

reflected on HHV of SPR (18.21 MJ/kg) which is notably 

lower than Spirulina platensis (20.09 MJ/kg). Meanwhile, 

inorganic materials such as Ca and K content experience a 

significant increase after extraction with only Mg that 

decreases, mainly due to the material stripping during 

extraction and leaching. 

3.2 Characteristics of microalgae pyrolysis residue 

The weight loss profile on pyrolysis (TGA) and the rate 

of weight loss per time (DTG) with a variation of heating 

rate (10, 20, 30 and 50°C/min) can be seen in Fig. 3 and 4. 

The results indicate that the TGA-DTG profile has a similar 

tendency for heating at a different rate. The results of TGA to 

a temperature of 30 to 1000°C are shown in Fig. 3.  

As can be seen in Fig. 3, pyrolysis consisted of three 

stages, where the division of stage is based on the magnitude 

of weight change for every rise in temperature. In Stage I, 

various heating rate occurs at a temperature range of 30-

220°C, water dehydration occurred at an average of 11.5%. 

In Stage II (temperature range of 220-600°C), there was a 

weight loss of SPR with an average of 59.25% during the 

pyrolysis process. Moreover, at this period, various 

compounds such as benzene, toluene, phenol alkenes, 

alkanes and their derivatives, carboxylic acids, esters, 

aldehydes, ketones, n-heterocycles, amines, amides, 

naphthalene, indene and its derivatives were also formed. 

Stage III (temperature range of 600-1000°C) is called 

gasification, where the occurring weight loss was relatively 

insignificant. The most optimum weight loss occurred in 

Stage II with a heating rate of 20°C/min, amounted to 72%. 

DTG thermal decomposition can be observed in Fig. 4. 

The values of minimum or maximum peak in the DTG 

curves illustrate the required thermochemical activation 

energy for the reaction. The lowest peak occurred at the 

heating rate of 20°C/min, whereas the thermal decomposition 

temperature of the heating rate of 10, 20, 30 and 40°C/min 

was 303.1, 302.1, 315.5 and 333°C. Therefore, the lowest 

thermal decomposition occurred at the heating rate of 

20°C/min. This might imply that at 20°C/min, faster 

decomposition reaction was completed with smallest 

activation energy. 

Table 1. Main characteristic of Spirulina platensis (SP) and 

Spirulina platensis residue (SPR) 

Component SP SPR 

Composition analysis (%) 

Lipid 0.25 0.09 

Carbohydrate 46.13 38.51 

Protein 44.72 49.60 

Proximate analysis (%) 

Moisture 11.83 9.99 

Ash 8.63 8.93 

Volatiles 67.03 68.31 

Fixed carbon 12.51 12.77 

Ultimate analysis (%) 

Sulfur 0.49 0.55 

Carbon 41.91 41.36 

Hydrogen 6.82 6.60 

Nitrogen 8.89 7.17 

Oxygen 33.04 35.33 

H/C, molar ratio 1.95 1.91 

O/C, molar ratio 0.59 0.64 

Higher heating value (MJ/kg) 20.09 18.21 

Ca 0.91 1.25 

Mg 2.70 0.48 

K 0.17 0.51 

 

The comparison between the thermal decomposition of 

the SPR at the heating rate of 20°C/min with other biomasses 

was provided in Table 2. It can be seen that the SPR has the 

lowest decomposition temperature (302.1°C) to achieve 

maximum yield (0.05/min), compared with coconut shell, 

corn corb, palm shell and spirulina platensis. This indicates 

that the SPR is easiest to react, with the least volatile 

material so that the yield of bio-oil is consequently less. 

 

 

Fig. 3. Thermogravimetric behavior of SPR at different 

heating rates versus mass loss  (%). 
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Fig. 4. DTG plots of SPR Pyrolysis at various heating rate. 

 

Table 2. Comparison of SPR decomposition with other 

biomass sources [14] 

Biomass Temperature 

at maximum 

yield of 

decompositi

on (Tmax, oC) 

Maximum 

yield of 

decomposi

tion (min-1) 

Remainin

g solid 

residue at 

1000oC 

(%) 

Coconut shell 355 0.1820 22.07 

Corn cob 346 0.2790 10.00 

Palm shell 377 0.1790 20.80 

Spirulina sp. 324 0.0704 25.96 

SPR(a) 302.1 0.0500 29.00 

a: this experiment 

3.3 Non-catalytic Fixed-bed Pyrolysis 

The pyrolysis was carried out at a temperature of 400-

650°C with a heating rate of 10°C/min. The resulting product 

consisted of liquid phase (bio-oil and water phase), gas and 

bio char, where the yield of each product is presented in Fig. 

5. The yield of bio-oil at a temperature of 400°C was the 

lowest (13 wt.%); it rose sharply to a temperature of 550°C 

with a maximum yield (25.1 wt.%), and then fell again as the 

temperature rose. Meanwhile, the gas yield at a temperature 

of 400 to 550°C was relatively stable (25 wt.%), but 

experienced a slight rise (to 27.5 wt.%) at a temperature of 

650°C. In addition, the yield of bio char at 400-500°C was 

relatively stable (32.5 wt.%), before subsequently decreased 

to 30 wt.% at 600°C. 

Compared with lignocellulosic pyrolysis (400-650°C), 

the optimum temperature for SPR slow pyrolysis is lower 

(400-550°C) [30]. This is because: (i) SPR component 

consists primarily of carbohydrates, proteins, and lipids that 

are easier to pyrolyze than lignocellulose (cellulose, 

hemicellulose, and lignin), (ii) the cell structure of the SPR is 

softer, (iii) SPR contains more inorganic materials than 

lignocellulosic which could provide catalytic effect [14]. 

3.4 Yield of Bio-oil, Gas and Bio Char 

3.4.1 Bio-oil from pyrolysis 

Fig. 6 shows effect of temperature on hydrocarbon 

fraction in the bio-oil. From the trend shown in Fig. 6, it can 

be drawn that the yield and components of bio-oil are 

influenced by pyrolysis temperature. Bio-oil contains more 

than 100 components but can be primarily categorized into 

nine functional groups: aromatic (C7H8, C7H9N, C8H7N, 

C9H9N), heterocyclic (C5H7N, C6H9N, C8H13N), phenol 

(C6H6O, C7H8O, C8H10O,), amine (C10H15N, C19H37NO), 

amide (C6H13NO, C8H11N, C16H33NO, C16H37NO, ), indole 

(C8H7N, C9H9N), alkane (C17H36), nitrile (C16H31N) and few 

acids. At 400°C, bio-oil contains many alkanes (58 wt.%) 

then at 600°C alkane component will decrease (38 wt.%). 

While indole, acid, heterocyclic amines, amides, amines and 

nitrile has a low concentration, other components are 

relatively stable. The only components that increased as the 

temperature rose were phenol (7-18 wt.%) and aromatics (8-

22 wt.%). 

A comparison of the characteristics of bio-oil from SPR, 

timber and heavy naphtha is listed in Table 3. Similar to 

kerosene, diesel and heavy naphtha oil, bio-oil has a carbon 

chain of C5-C19 ranges. Moreover, bio-oil derived from SPR 

and wood has a fairly high oxygen content, which is 35.63 

wt.% and 35-40 wt.%, respectively, while heavy fuel oil only 

has 1 wt.% of oxygen content. A high water content, high pH 

value, and high oxygen content promote a decrease in heavy 

heating value (HHV) and possibly corrosion. However, bio-

oil derived from SPR still has higher HHV (27.8-28.0 MJ/kg) 

than the HHV of wood (16-19 MJ/kg). 

 

Fig. 5. The effect of temperature on product yield. 

 

 

Fig. 6. Composition of hydrocarbon fraction in bio-oil. 
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The most adverse disadvantage of bio-oil derived from 

biomass due to the extremely high content of oxygenate 

compounds can be overcome by the use of catalysts during 

pyrolysis, which reduces the content of oxygenate 

compounds. It was found that the bio-oil of crude Chlorella 

pyrenoidous algae produced by using 20% platinum catalyst 

on gamma alumina (Pt/γ-Al2O3) had a lower O/C content 

(0.060) than in non-catalytic process (0.125) [37]. In 

addition, the high water content and ash can be overcome by 

physical separation, while the pH content will drop with 

catalytic cracking and the notably high acid content will be 

reduced by the presence of carboxylation reaction followed 

by carbonylation [39].  

3.4.2 Gas from pyrolysis 

The gas yield produced during pyrolysis at 450-650°C as 

well as its composition can be seen in Table 4. As expected, 

the gas composition mainly consisted of H2, CO, CO2, and 

CH4, with the volume percentage (%) being affected by 

pyrolysis temperature. The optimum concentration of H2 

(52.99 vol.%), CO (24.49 vol.%) and CH4 (33.07 vol.%) was 

obtained at the optimum temperature of 600°C. Furthermore, 

volatile compounds, polar and non-polar compounds with 

low molecular weight were formed as a result of dehydration 

and thermal cracking at high temperatures. Consequently, the 

yield of liquid (bio-oil and water phase) rose with the 

increase in temperature of 400-550°C. Meanwhile, with the 

pyrolysis temperature of over 550°C, volatile compounds in 

bio-oil which is condensed at low temperatures split into 

non-condensable gas, resulting in a decrease in the yield of 

bio-oil. 

 

Table 3. Comparison between the properties of pyrolysis oil 

from SPR with wood pyrolysis and heavy fuel oil [11] 

Physical property Heavy 

fuel oil 

Bio-oil 

from 

wood 

Bio-oil 

from 

SPR(a) 

Element composition (wt.%) 

C 85 54 - 58 46.05 

H 11 5.5 - 7.0 8.77 

O 1.0 35 - 40 35.63 

N 0.3 0 – 0.2 9.47 

Ash 0.1 0 – 0.2 0.08 

HHV (MJ/kg) 40 16 – 19 25.70 

Viscosity (at 50oC) 180 40 – 100 40 – 68 

Moisture (wt.%) 0.1 15 – 30 35.68 

pH - 2.5 9 

Specific gravity 0.94 1.2 1.09 

 

Table 4. Composition of various gaseous products (vol.%) at 

different temperatures in the pyrolysis process 

Temperature, oC H2 CO2 CO CH4 

450 0.00 0.00 20.81 0.00 

500 12.49 8.09 8.67 19.17 

550 26.22 17.15 13.76 35.23 

600 52.99 6.22 24.29 33.07 

650 0.00 0.00 21.29 0.00 

3.4.3 Yield of Bio Char 

The result of bio char ultimate analysis is presented in 

Table 5. In regards to carbon (C), hydrogen (H), nitrogen (N) 

and ash content, C content in bio char from SPR (50.31%) is 

higher than Spirulina sp. (45.26%), but lower than the 

lignocellulose (67.7%). This indicates that SPR bio char has 

a potential to be applied as activated carbon for adsorption. 

The high H content in bio char also implies that many 

hydrogen atoms are still attached to bio char. In addition, the 

high ash content in SPR bio char indicates high inorganic 

material (K, Ca, Mg, Si, etc.) content, which makes bio char 

an attractive fit to be used as a catalyst. 

Table 5. Ultimate analysis of SPR bio char in comparison 

with Spirulina sp. Bio char and Oak bio char [14] 

Component SPR bio 

char, %(a) 

Spirulina sp. 

Bio char, % 

Oak bio 

char, % 

C 50.31 45.26 67.70 

H 8.81 1.24 2.40 

N 5.74 2.57 0.40 

Ash 11.80 47.82 14.90 

4. Conclusion 

The residue from Spirulina platensis extraction exhibits 

a promising potential as source of biomass for pyrolysis. 

With a relatively high volatile content (68.31 wt.%) and 

carbohydrates content (38.51 wt.%), pyrolysis of SPR 

produced a maximum bio-oil yield (25%) at 550°C. Even 

though the HHV of bio-oil from SPR is lower (27.8-28.0 

MJ/kg) than heavy fuel oil (40 MJ/kg), it is still higher than 

bio-oil from wood (17-19 MJ/kg) in addition to also being a 

renewable energy source that is safe for the environment. 

The heating rate of pyrolysis required for the activation 

energy was the lowest at 20°C/min. According to GC-MS 

result, the temperature rise of bio-oil (400-650°C) caused the 

aromatic components and phenol to rise (8-23%) as opposed 

to aliphatic content which decreased and the content of other 

components which were relatively stable. The product gas at 

600°C, dominated by H2 (52.99 vol.%), CO (24.49 vol.%) 

and CH4 (33.07 vol.%), exhibits   enormous potential to be 

used as syngas. On the other hand, the bio char product, with 

a high C content (50.31%) and ash content (11.80%) creates 

an alternative application as an adsorbent and catalyst. 
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